JUESTION #1.

SIXTH WEEK e
MAGNETS - MAGNETISM - MAGNZITIC CIRCUITS‘ ? G.B.Todd, RMlc

Aot

3

What is

a8 magnet? What is meant b
How sre the ¢

¥ o
trength of poles repress

i
P

s of a magnet?
ad? : |

O
<+ @D

-

itad

#

#1e A bedy which will attract irom or steel is called a

SURSTICON #2.
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magnet, A handful of iron filings, when plac on
a sheet ¢of paper or glass sbove a bar maghet will
arrange themselves in lines, passing around the mag-
net from orne end to anuther. The lines will come out
of one snd ¢f the msgnet and enter the other end. -
Those regions where the attrsction for iron or steel
is the greatest, are called the poles of a magnet,
The region where the lines come out ig called the
North pole aund the rezion where they enter is calle¢
*he gouth pole of a bar magnet. These poles are not
points but entire regions. No matter where the lines
come oubt of a magnet, that pert is s North pole and.
likewise, wherever they enter ig =z Zouth Pole. The
Strength ¢f these pole° ia repregsented by magnetic
lines of force. They always leave the magnet at the
North pole and snbtar it again at the South pole.

#hat iz mesnt by megnetic lines of force? A msgnetic
fi=ld? |

The term "magnetic lines of force™ is used to repres=
ent the direction and amount ¢f fcorece in a space,

A magnetic line of force forms a complete circuit,
leaving the North pole traversing the air around th
magnet, entering the magnet again at the South pole
and flowing within the wmsgnet from thse South pole
back to the North pole,

A space in which there sre magnetic lines of force is
called a msgnetic field, The maguastfic fleld of a
magnet has the nsture ¢f s whirl, snd is the flux
or current of megnetism flowing sround its circuit,
It must be thoroughly undarstood that the flux flows
in a complete msgnetic circuit, The lines do not
start a2t the North pole and end at the South pole,
Phey continue through the megnet from the South pold
to the North pcle thus forming & complete circuit,

<ihat typre maguet vroduces no magnetic field? ‘What are

the uges of this magnet? adﬁﬁ is nmesnt by 2 broksn-
ring or horseghoe magnet? What sre its uses? Why?

4 ring magnet produces no 2xternal field, The lines
of force a8ll lie within the msterial, so that such
a magnet has no poles. This type of ﬁsgﬁet is used |
in transformers sund types ¢f meters where no exter=-
nal field ig deslrad.

A broken-ring or horsschee magnet 1g s ring magnet
which hesg been nroken s¢ that two pcles sre produce:
d, having a very strong exterual field, smsll in
area, This tyrve of msgnet is used to férm the meg-~
netie circuit ¢f motecre and generatore, It is used
because motors and generators require a very intens
field in a limited sir space so that a meximum num-/
ber of lines w11? be wut. .




TURSTION #4, Define reluctsnce.
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#4, The rssistance which & substance offers to the magnetd

ic flux is called the rsluctaznce. Just as the resisd
tarnce which & substence offers to an electrical curd
rent 1¢ gslled the resistance. Copper and aluminum
is uged in =n electrical circuit hecause the resgige
tance they offer to a flow of electrical current is
low, Simiiarly, iron snd steel are used in s magnets
ic circuit becausge they have a very low reluctance,
In some cases the magnetic flux is mads to flow thruy
sair, An electricsl current is never made to flow
thrw sir becasuse tine registance ig very high, But
the reluctance of air is low in cowmpsrisone. Were the
reluctance of air as much greater than the reluctane
of iron then the resistance of sir is greater than
the resistance it would be impossible to make a
powerful electromagnet such as is required in a gene
erator or s mobter. Because the reluctauce ¢f iron
snd steel are less than sir, the limes of force trav
eling from the North Pole of a msgnet, through the
surrounding air =pace to the South Pole, would he
deflected by a piece of iren ¢r steel near the path,
A greater number ¢of lines would be set up in the irdg
entering at one end and leaving at the other, thus
making the piece of ircm or steel, temporarily,a msg
net. The region where the lines left the piece sf
iron would be the North Pole. The lines would go fr
there back to the South Pole ¢f the magnet. Therefor
we have two magnets with umlike poles asdjscent and,
since the lines of force have a contracting nature,
like a rubber band, the unlike poles would attract
each cther, This explaing the attraction of a piece
of iron or steel te a permanent megnetes From this it
is plain to see that, if it were desired to have a
certain air space free from magnetic lines, it is
only necessary to place & shield of soft irom in the
fielde As the reluctsmce of iron is lower than that
of air, mest ¢f the lines would travel through the
iron, and the sir would be practicslly free. In this
case the gpace is not insulated from the maguetic
flux, but the fiuxw is ghunted arcund it

CUBSTICON #5, BExvlain briefly the compacs,

ANSWER

#5e A magnet free %o turn, is called a compass. A compass

placed in a magnetic field will turn until it points
in the direction ¢f the lines of force, Since the
lines of force leave & magnet at the North pole, tra.
vel through the air space arsund the magnet, and en-
ter the msgnet again at the Scuth Pole, a compass
will point towards the South pole of the magnet. A
compass is most commonly used to indicate directione
It is able to do this tecause the Zarth is a large
magnet, circular in shape, the flux leaving the Tartl
at the North pole and traveling uniformly over the
surface ¢f the Tarth and entering again at the South
pole. Thig seems in error as s comrass will point to-
wards what is commonly called the North pole but it
skould be remembered that thig is the Geographical
North Pole which is the Magnetic South Pgle, not
guite the same rlace but near the asma wnlice.



ANSWER

ANSWER

TUTSTION #8, Explsin the principles of electromsgnets,

ANSWER

#6.

#7.

#7. A wire formed in the shape of a loop will have lines

#8¢ The core in the above described coil is asir. If a core

What is the right hand cr thumb rule for wireg Tor
coll?e *

The right hand or thumb rule for strasight wire is as

For a coil: Grasp the coil so that the fingers point

How can g coil of wire be constructed so it would be
equivalsnt to a bar msgnet?

follows: Grasp the wire with the right hand s¢ that
the thumb points in the direction of the current,
the fingers then will point in the direction of the
maguetic field arcund the wiree.

in the direction of the currsrnt arcund the coil, ang
the thumb points to the North pole,

arsund it, all leaving on the same face and all en-
tering it on the other face. The lines around sever-
al of these loope placed closely together would hava
no chance to fall between tke loops and wmust contins
ue arpund all of the loops before entering again,
Thus it is seen that these lines act the same az the
lines from a bar magnet., The coil (consisting of sew
eral loops closely wound) would act the same as a
bar magnet, having a nerth pole and a south pole,

¢f iron were substituted for the air core, many more
lines would be set up, on sccount of the low reluc-
tance of iron and s amuch more powerful magnet would
be the result, This is the principle of electromsg~ |
nets. Coils of wire are would around a number c¢f co=-
res of s0ft ircne. As long as there is no current go-
ing through the coil the iron is not s magnet. The
face of the iron cores is brought into contact with
pieces of iron or steel and the current is fturned on.
The iron cores now become strong magnets apd will
1ift many pounds ¢f iron or steel per sgquare inch of
core, As many as 190 to 200 pounds per square inch,
This prirciple is also the basis of generatcrs and
motorse Coils of wire are wound arcund a soft iron
core which is bent in a horseshoe shape. Therefore
the magnetic aircuit is entirely msde up of iror ex-
2ept for the zmall space between the two poles, wher
the armature is inserted, Most of the armsture is
made of iron so that the magnetic is almost totally
composed ¢f irone, A very intense magnetic flux is
set up which will induce a proportionally high EMR
when the 1ines of force are cut by the wires of the
revolving armature, This principle is slso utilized
for circuit breskers, etc., where the core is integ-
ral with the switche A coil ©f wire is wound loosely
around ths end of the core and when the current be=-
comes excessive in the circuit a strong magnetism
results and the soft iron core is sucked up into the
center of the coil, breakiriz the circuit, The strong:
est attraction exists when the cemnter of the iron
plunger nRearly coincides with the center of the coil,
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The unit of magnetic current or flux ig "Magnetic
lines of force" sometimes abhbreviated "Lines™ and
ia rapremUn%ed by the Gresk latter "T" {pronounced
phi} s One line of force is =gusl to¢ one maxwell,

The unit of msznetic pressure or msgnetomotive force
is the "Gilbert” asnd is repressnted by the letter
npn

The unit

"Cersta
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What 18 Gilbert and ampere
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of turns in s gso by the
amperes flowing through the turns ig esl the
amnpere~turmns, A gilhert is egual to U.4 pi cr
1e260 times the preduct of the amperes flowing in
the coil by the number of turns of wire in the
coile
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Pormuls: 186N
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Substituting: z 4 ® 3VED gilberts.Ans‘
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1T circuit.

A magnstic clireuit is composed
280 turns. When 3.6 amperes
@ flux of 8“00 iines is
What is the reluctsnce
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ANSHER  #l4.

TURSTION #15.

ANSNER  #15,

TUBSTION 16

ANSWER  #16.

T ¢ - . e {.; .L S bw:{ \
Formula: 7 o= H o Lexbhi
$ &
Jubstitubing:
7
4= Le26 x £H0 x 3.6 »  D1.782

+
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= 42835 persteds.e Ans.

How many smperes pust be sert through a coll on a
wooden ring, in order to set up & megnatic flux of
600 lines? The reluctance of the ring is 16 oe2rsteded
Thers are E£80 turns on bthe rinz,.

I o= BF
lf&?ﬁ_@fx 1
o & . ";\'?f - 126
Substituting: I = P¥ =

T L7.,21UB supseres.

What naterials are known sg magnetie substances? Nond
megnetic subsbances?

Ircn and steel are known ag the magnetic substances,
Any suvpstance other than iron or steel is known ss
a non-magnetic substarces, There sre s few excontion
riickel, cobalt, and alloys are magnetic to gome Sxe-
tent though far less thau iron or stsels

How 1s the relugtance of non-mszanetic substances com

circuit iz gimilar to the formula for finding the
resistance of sn =2lectrical clircuit,

To find the registancs c¢f s copper wire of any zize
or length, multiply the resistsuce of one mil foot
of ccpper by the lsngth in feet, and divide by the
cross section area in circulsr mils,

To find the reluctancs of s portion of any mesgretic
circult composed of any metsrial, excent iron or
gteel, multiply the reluctancs ¢f a cantimeter cube
cf air (which is the ssme 83 81l none-msgretic sube

X4

stances) by the lenpth of that part of the circuit
in centimeters, and divide by its cross-section a
in sgunare ceﬁt{metera. The reluctsance ¢f s centime«
ter cube of air is 1, The formuls follows:

Where: R = reluctance in cersteds,
length in centimeters, :
area in sgusre centimeters
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QUESTICON #17. Compute the reluctsnce ef an sir gsn which is 1.4
centimeters sequsre and 1.2 ceutimeters long.
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TURSTICN #18. How many smpere-turns s e
lines hrc gh an a'? gan J.26
of Q€

ir fﬁtarq long with
a ¢ross section area

5 centimeters

ANSWER  #18. Formuia: P o= gF

o ; . L
1.26 NI = @8f = ¥ x =
Fay

§I = 8L
16264 .
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o
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Subabituting NI

120 %= 2 v 3 1,89

A1 = 34,2310 suner2~Luriis. Ans

DATICN #19. How doss the flux =t the ends ¢f an sir core (long
coil} compsre in strength with the flux st the center
ANSWER  #19. Practically all of tha relun offerad to the flow
of magretic flux in a long 1 th at lesst
ten times its dismeter),th f which is sir
or oth ¢ subs that reluctance
pffars 1 obhe webic substance
within t ia, coming out of
one eIy 88 veth of zero
reluctance hh ther snd of the

colls

But all of the lines of foree crsated by the ecil, do
not reach the end of the coil, about half of them
leak out throuzh the sidss and rebturn to that par-
ticulsr loop, so the fluxw st the ends of sush 8 ol
ig one half of thast in the centere

To find the flux at the ceunter of such a coll, we mexe
1y follow the law for magretic circuits: Lines of
foree 1s equal to the masnetomotlve force divided
v the relnctance. Sines the mesanebomotive force is
equal to 1.26NI, snd the reluctanes of air or other

on-magnetic substanece is 1 times leagth divided by
croas sectlion area, the flux st “ie ter of a sucl
& coil is found by dividing 1.8 he reluctancs
cf the sir within the coile To flux at the
ands of the eoil, divide the f1 the center by &£
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TURSTION #23.

ARNSWER  #23,

L]
Q r
amperes iz flowing? W hat magmatie £

Formula: § = :E; = 1.26NI = L« E6NTA
P L

wnat magretic flux is set up in th
ccil) of 100 centimetsrs long and

’ 2} centineters in
dismeter, if it conslsts of 350

5
e in which 0.Z5
lax is set up =t
the ends?

Since s ¢oil i circular, the crves ssction ares in
aguare centimeters is eqaﬁl to the diameter sguared
times pi over 4 {.¥854).

Substituting:

)
v

508 x .25 x 1.5% ¥ 7854
19¢
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= 27,2759 lines at center of colledns

31%31&2 z 13,6379 lineg st ends of qoil. Ans.
How does the reluctsnce of ircn and stsel compare with
the reluctsnce of non-magnatic ausstamc@QQ
The reluctsnce of iron snd steel rarges from 0,016 to

2.00025, depending on the grads, which is much low=-

er tnaL the reluctsnce of air or obher non-magretic

gubstances,

Why ise it imprasctiecal to giate the reluetivity of any
o

particulsr grade of iron steel?

In & given gample of irem or stesl, the composition
and treatment «f which ig known, the reluctance wil!
vary with the degree to which it is msagnetized,

therefore it is imprasctical to state the reluctivi-
ty of any particular grade of irosn

sn or steel,

Thus it is iwmpoessible to state g constant for use witl
the formula for finding the rsiunctsnce of ironm or
gteel, as it 1s plain %o 9s2 that the reluctange of
magnetic materials from rzsistance of electricsal
gonductors and evex frem the reluctsnce of nofge-msge
netic materisls,

Whst ig the unit-riece magnetic snd non-msgnetic sub-
gtance? Give explsnation,

Ths unit=-piece magnetic and non~magnetic substance is
the e%nt meter cubee In computation of electrical
resigtance, s constant is used, heirng the resistancot
of ere milefoot (the uriit) of that particular mastexr.
igl, vimilarly, in computing reluctsnce, we must
know the reluctance of one unit of material, so we
find the reluctarnce of one centimeter cube.



TUBSTICN #24. Explsin briefly magnetizing-forecs. That svabol is it

ANSWER #24, Yagretiz ing-force is the megnetic pressure necegsary

CUESTION #25.

ANSWZR  #25.

TUBSTICON #26,
AYSWER  #26,.

TUBSTICN #27.

"

repragented by?

to send a given number of lines through g ceritime =
ter of a msgretic circuit. The value of this wagns«
tizing=force is stated in gllbertk ver ceuntimeter,
and is reprasented by ths letter He It can he GOm=
pared to the vcltage re4u1rad tc mend s given elecgw
trie current through a mile of wire of given dimens
sions, or in other words tne voltage droy per nile
of wiree S0, it 1s possible to call the gilberts
necessary toe send 8 given numher of lines through
2 centimeter of magmetic circuit, the megnetic
pressure drop per centimeter «f the masteriale To
fird the total magnetic pressure, if the masgnetiz-
ing=force and the length of the circuit is known,
multiply the msgnetizing-force bty the lengthe

What is the avit and symbel of the flux-density or
dsgree ¢f magnetization? Define th@ unit.

The unit of fiux-dengity or degree of magnetization

is the gausze, and is represented by the letter B,
It is the walue of the lines of force per a@uare
centimeter, corresponding to smperese psr sguare
inch erossg-gseetion of sn electric eircuit,

Ixplain briefly msonetization c¢urves or RB-H curves,

Since it ie impessibvie to state = congtant for the
reiuctance of a ceribimeter cube «f a magnetic sub-
gtance, on sccount of the change in reluctance gdue
to the degree of magnetization, curves are plotted
showing the actual numbher of gilberts necessary to

set up 2 given numbker of lines per sguare centimet-
er in the materials ¥#e might plot thase 2urves shows
ing the value of the reluctance for any desgree of
magnetization, but it saves us much effort 4¢ have
the eurvas plotted in zilberts ver cesabtimeter and
lines per square centiuzeter, and, t¢ find the relu
sance it is only necessary tv divide thke gilberts
per centimeter by the linag yver gquare centimeter.
(This glvM ua the reluctance ¢of 2 centimeter cube
of the meterial) Sc to find ths welac*ande of the
magpetic circuit, we proceed sg in computation of
resistance ¢f a material in an slectrical circuit,
ie., resistance of a miifcot of matarial, times the
length ¢f the material, divided by the cross sectio
area ¢f the masterial; szmilarly in magnetie circuits
reluctence of 2 centimeter cube, times the length o:
the material in centimeters, divided by the cross-
seztion area in sguare csntimeters,

(¢]

[;

Show glgebrsic symbols and equations: for computing
magnetic nrpssgre, vhen the length «f the magnetie
circuit snd gilberts per centimeter srs known. For
compubting magnetlc current ¢r fiux when lines per
squsre centimeter in the matariasl snd areas of the

metarial sre knowne.



ANSWER #27, Formuls:

]
[

HL
Where: Magnetic pressure in gilberts,
gilberts per centimeter.
Length of masnetic gircuite

e eS|
B oA

Formuls: § = BA
Where: % = Magnetic lines of force,
& =

Lines per square centimeter, in gsus
Crese sectiom sarea in squars centimegﬁ
arg

TUESTICN #28, Compute using B-H curve: asﬂet;c circuit msade up of
annealed gsheet steel pleces, having an average length
of the long sides of 8 c&ﬁtxmecer% and ef shert sides
of 4 centimeters. Tsch side is 3.5 centimeters wide,
The pile of sheets is 2.8 centimeters deep. If 90,000
lines srs to ba set up in this core, how msny amﬂere-
turne sre needed in the coil? Subtract 9% from the
depth to sllow for insulaticn Betweewn the zheests,

¥
2

ANSWER  #28. Area = 2,8 x .91 X 3,5 = 5,318 square ceutimeters,
45000

& = BA S E® = 10091.958 gzausses,

2217
EeADY

for 100¢Ll.958 gausges, annsaled shest steel, using
curve eguals 2.5 gilkerts per centimeter.

o]

o i

i

HL

1

2eD X 24 = 60 gilberts,.

»
Pl NI ® =0 = o
(X% .

= 47,619 smpere=turns

1:.86N1 -
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CUBSTICN #29, What are the relaticns of flux, rsiuctsnce snd msgnet-
ic pressure in series msgnetic 01rcuitq9

I

ANSWER  #29, Series maznstic circults follow the sume lses 28 sers
ies electrluai circuits,. “hat iz, the flux is the
through all parts of the cirguit, although the {lux
density of the parts may be different (If the crosa-
seg tzon arez is larger i one piace than sncther the
fiux d,wwlfy will be less in that pc rtiu&}; the re-
luctance of a series circuit is the sum ¢of the re=
luctances ef the seversl rarts; and the wmagunetic
pressure mnsceszary to send & cartain megnetic flux
through 2 seriea circult is the zum of the msgnetic
presgures nacagsary t¢ send it through the zeveral

partse

saries magnetic circuits? Psrsllel

ST il 4 £y $ . % & 54 4 3 = £y 5 - T e .
ANSWER ¥30e A serics magnetic clreuit is one iv whick twr -7 mors
raluctances sre connectsd in th“,u with each othar
] e .
and with the goures of me sEure suan s
s. b » SRR Py
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volag of

e series circuit. Thig

lel ecirguit in =ssries wit 1
f parsilel magrnetic oix

comes under the definitio
cultse,

parsllel magnetic circuit is oune in which twe or
more reluctances are sids by zide or in shunt with
sach ciher and with the source ¢f magnetic pressurs
The flux irn 8 varalliel msznetic circuit iz the sum
of the flux in the separaste branches, The reluct-
sance ¢f a parallsl circult s the re01pro“v1 of the|
sume ¢f the reciprocals of the reluctances of esach
branch; and the magnetic pressure ig the szme in
sagh sra“wh.

he bigolar (or multipolar) dynasmo descridbed ayove,
is a combination of a series and a psrallel magnete
i¢ circuity a series parallel circult. 1 this csse
ne North pole, the armature, the South pole and
the two ailr gaps are in seriss and garry the whole
fluxe, The topr snd bottom of the cireular frame,
gonnection the North pole with the South pole, ars
in paraliel with escn other and with the source of
maguetic preszsure, a311d since the reluctarnce of the-
ge two psrts 2f the frame are atout 2yual, the flux
divides in two parts. The magretic pressure neces- |
sary to force a flum through this combination is
equal to the pressure uscessary to force the full
flux through the two poles, armature, and air gaps,
plus the pressure necessary to force half this flux
tnrcuOh githar the tep or bottom pert of the frame,
a8 the same prescure whick force this half flux
through either the topr or the buttam, force the
cther half of the flux throuzh the other parallel
path,

b ure hag
T 8 8 auctaﬁce, and
na £ 28 v ncee &All 03
these *alue anges are In savien %ith aﬂﬁh shther an
with the scurce ¢f msgnatic preszsure. A hipolar
dyvame (cr s mulbipolar) slso sonsists of a parale
h
n

ct

TSTION #31. What is mesnt by ssturation point?

ANSHES #31e T

m

Py

here are two stages of magnstizstion. The first sta-
ze is t“at during which it is ccomparstively sasy to
gdd linsg of forcee to the materisl, The sacound shiazs
ig cslled the ssturatiorn point. The saturation poird
is that point beyond which it is usually unprofit-
able t¢ magnetize the msterial because ¢f the great.
ly increased difficulty in setting up lines of fore:
his is evident from 8 EZ~H curve. Tach curve hss s
reculiar shapes It is seen that in order to set up
a few lines of force, a ralstively smsll number of
gilberts ver centimeter ic needed, hut it becomes
ineresagingly difficult to set ur further lines. The
point at which the curve bends into & nearly straig.
ht line running almost horizontslly is the satura-~

tion point, and is the paimt heyond which it is
unprofitabie to magnetice a mat&riale



TURSTION #32. Explsin the relation of permeability to flux densityl

ANSWER

SUBSTION #33, How is the traction force cof slectromsgnets computed?

ANSWER

#32, It is possible to state ths fsets cutlined in the

)5‘\

previcus question, in a different way. We might
say that in the first stags of masgnsiization, sas
far ss the ssturation poeint, the reluctivity of

& magnetic materisl ig guite low, Lut beyond that
point the reluctivity will incresse rapidly until
it is equal or nearly equal te the reluctivity of
a rionepmagretic msterial such as air. But it is cuss
toemary to state it in terms of permeability, which
is the reciprocal of reluctivity. Since reluctivty
is the ratio of the pressure tc the lines of force
in 8 centimeter cube of the material, permeability
will be the razciprocal or the ratio of the lines tg
the pressure. The value of permeability is the nume
ber of lives set np in a centimeter cube by one gil
berts If we let 8 symbol whizh looks something like
a small u, stand for the permeability, and since
the symbol for gilberts ver centimeter (magnetizing
force) is B, and the symbol for lines of force per
square centimeter {flux density), the algebraic
equation for permeability is:

}3
ue
Where: u = Permeability.
B = Gilverts per centimeter.
H = Lines per sguare centimeter,

#334 To compute the traction force o{ an electromagnet,

that ig, the sttraction or prull of the maznet upon
a piece of iron or steel, the following formula is
used: |

)
4

fhere:

Pull of electromagnet in pounds,
Plux density in =air gap in gsusses.
Area of air gap in sgusre centimeters.

b o g
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QUTSTION #34, Draw TL Transmitter,

ANSWER

#34+ See diagram on separate sheete



