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�.UESTI 

ANSW�R 

SIXTH WEEK 
MAGNETS - MAGNETISM - MAGNETIC CIRCUITS G .. B .. Todd.RMlc 

#1. What i s a magnet? What is meant by poles of a magnet? 
are t strength of les represf3nted? 

#1. A body which will attract iron or steel is called a 
magnet. A handful of iron filings, when placed on 
a sheet of paper or glass above a bar magnet, will 
arrange themselves in l ines e passing around the mag� 
net from one end to another. The lines w i ll come ou.� 
of one and of the msgnet and enter the other end. 

· 

'l:hose regions where the attraction :for iron or steel 
is the greatest, are called the poles of a magnet. 
'�he region where t he lines come out is ·�alled the 
North pole and the region where they enter is calleil 
the south pole of a bar msgnet. These poles are not 
points bu.t entire reg i ons. No matter where the linea 
come out of a magnet, that part is a .North pole and 
likewise, wherever t.hey enter is a South Pole. The 

Strength of these poles i s  represented by !IlSgnetic 
l ines of force .. They always leave the magnet at the 
North le and e r it again at the South pole. 

�.UESTIO!v #2. 'Nhat is mea 
field? 

by magnetic lines of force? A magnetic 

ANSWEH #2. The term "magnetic lines force" is used to repres-
ent direct ion a:nd amount of :force h1 a space. 
A ma gne tic line of force forms a complete ciroui t, 
leaving the North pole traversi ng the air around th 
magnet, entering t;he magnet again at the South pole 
and. flowing within the .magnet from the South pole 
back to the :r:rorth pole. 

A space in which there are magnetic lines of force is 
called a magnetic :f i eld. The JDSgnet:ic field of a 
magnet has the nat1"re of a whirl. and is the flux 
or ct:a.rrent of magnet i sm flowing a round i t:s circuit. 
It must be thoroughly und:�rstood that the flux flow 
in a complete magnetic circuit. The l i nes do not 
start at the Nor·th pole and end at the South po le. 
They conti nue throtlgh the magnet from the South pol 
to the North pole thus :formi ng a complete circuit. 

'�UEST ,¥3.·Xhat magnet nroduces no magnetic field? '.Vhat are 

ANSWER 

uses of th i s  rnagnet? t is meant by a broken-
ring or hor�'3eshoe magnet? What are it;�; uses? 

• A r ing mgnet produces no external f i eld. The lines 
of force all lie within the materi al, so that such 
a ma t has no poles. I'his type of rnagnet is used 
in transformers srHi types of meters where no exter­
nal field is de !red. 

I .. broKe�1.,.ring or horseshoe mag:net is s r i :ng magnet 
which rJ.Ss been broken so that two poles s re produce 
d, havi:ng a very strong external field. small in 
area. •rhis type of magnet is used to form the mag-
netic cireuit of motors and generators. It i s  used 
because motors and generators require a ve� inten:s 
field in a limited air space so that a maximum num-� 

ber of lines will be out. 
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• Define :reluctance .. 

#4. The resistance which a stance offers to magnet 
ic flux is called the reluctance .. Just as the res is 
ts:n.ce which a substance offers to an electrical cur 

rent is called resistance. Copper and aluminum 
is used in an e ct 1 circuit because the resis ­
tance t offer to a flow of electrical current is 
low. Similarly, iron a steel are used .a magnet 
ic circuit because t a very low re nee. 
In some cases the magnetic :flux is made to flow thr 
air. An elect ri c a l current never made to f 
t; air cause :re�istarwe is very high. 
the reluctance of air is low in comparison. Were the 
reluc nee of air as greater than the reluctarw 
of iron t the resistance of air is greate r t han 
the resis nee it would be impossible to make a 
powerful electromagnet such as is require d in a gen-' 
erator or a motor. Because the reluctance of iron 
and steel are less than air, the lines of :rorce traT 
eling from the North Pole of a magnet .. through the 
surrounding air ce to the South Pole. would be 
deflected by a piece of iron or steel :near the path. 
A greater number of lines would be set up in the ir 
entering at one end and leaving at t. he other, thus 
making the piece of iron or steel, temporarily.a mag 
net. The region where t 1 s left the piece of 
iron would be the !lorth Pole. The lines would go 
there bsck to the South Pole of the rnag:net. Therefor 
we have two n-:agnets with unlike poles ad ja CH';nt Sl'ld, 
since t;he lines of force have a contracting nature, 
lik.e a rubber ba:r:u:i., t,he ike poles would attract 
each other. This exp ins the attraction of a piece 
of iron or s tee 1 tc: a IH�rma:nent .magnet. 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 a shield of soft iro:n in the 
field. As the reluctance of iron is lower than that 
of air, .most of the lines would tra,�el through the 
iron, and the air would be practically free. In this 
case the space is not insulated :from the magnetic 
flux, but the flu.x is shunted around it. 

• Exp in briefly the compass. 

#5. A msgnet :free to turn, is called a compass. A compass 
p laced in a magnetic field will turn until it points 
in the direction of the lines of force. Since the 
lines of force leave a magnet at the North pole. tra• 
vel through the air space around t;he magnet , and en­
ter the magnet again at t:he South P ole, a compass 
will point towards the South pole of the magnet. A 
compass is most commonly used to indicate direction. 
It is able to do this because the Earth is a large 
magnet. i3ircular in shape. the flux leaving the �artb 
at the North pole and traveling uniformly over the 
surface of the Earth and entering again at the South 
pole. This seems in error as a compass will point to­
wards what is commonly called the North pole but it 
should be remembered. that this is the Geographical 
Uorth Pole which is the Magnetic South Pole, not 
quite the same nlaoe but naar thf; funnA nlace. 
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�u-aTT • 4" �h t � �� �o� �b. h a the right or thumb r wirei For 

ANSWER 

coil? 

#6. The right hand or thumb rule :for straight wire is aa 
follows: Grasp the wire with the right hand so that 
the thumb points in the direction of the current, 
the fingers t will poi:nt in the direction of the 
magnetic field a:rouud the wire. 

For a coil: Grasp the coil so that the fingers point 
in the direction of the current around the coil, an· 
the thumb points to the North pole. 

�UESTICN #7. How can a coil of wire constructed so it would be 

ANSWER 

equivalent to a r rna t? 

#7. A wire formed in the shape of a loop will have linea 
around it, all leaving o:r1 the same face and all en­
tering it on the other face. The lines around sever 
al of these loops placed. closely together would hav 
no chance to fa 11 between tr.:e loops and must contin 
u.e arou:nd all o f  the loops before entering again. 
Thus it is seen i;hat these lines act the same as the 
lines from a bar magnet. The coil ( consisting of se 
eral loops closely wound) would act the same as a 
bar magnet, having a north pole and a south pole. 

CU5STION #8. Explain the principles of electromagnets. 

ANSWER #B. The core in the above described coil is air. If a core 
of iron were substituted for the air core, many more 
lines would be set up. on ace of the low reluc­
tance of iron and a much more powerful magnet would 
be the result. This is the principle of electromag .... 
nets. Coils of wire are would around a number of co­
res of soft iron. As long as there is no current go­
ing through the coil the iron is not a magnet. The 
face of the iron cores is brought into contact with 
pieces of iron or steel and the current is turned on 
The iron cores now become strong magnets and will 
lift many pounds of iron or steel per square inch of 
core. As many as 100 to 200 pottnds per square inch. 
This principle is also the basis of generators and 
motors. Coils of wire are wou:nd arcn.1.r1d. a soft iron 
core which is be:nt in a horseshoe shape. Therefore 
the magnetic circuit is entirely made up of iron ex­
cept for the srrall space between the two poles, wher 
the armature is inserted. Most of the armatur� is 
.made of iron so that the magnetic is almost totally­
composed of iron. A very intense magnetic flux is 
set up which will induce a proportionally high EllF 
when the lines of force are cut by the wires of the 
:revolving arrr.ature. This prixlciple is a lao utilized 
for circuit breakers. etc •• where the core is integ­
ral with the switch. A coil of wire is wound loosely 
around the end of the core and when the current be­
comes excessive in the circuit a strong magnetism 
results and the soft iron core is su.cked up into the 
center of the coil, breaking the circuit. The strong 
est attraction exi sts when the center of the iron 
plunger nearly coincides with the center of the coil� 



/ 

ANSW"�H 

( 

�UC!:STI 

·::uESTI 

ANSWER 

'i.UESTION 

ANSWER 

( 

I 

a .,. t· is t ·t- o t: n1a g rre t :l a 
ia pressure to force? 
anae or :re 

f 
tic 

gnat 
resist-

//9. unit of magnet ic current or flux is "Magnetic 
li nes of force" sometimes a :reviatea "Lines" and 

represented the Greek letter !'J!" (pronounced 
} • line force is equal to one maxvlell. 

The unit of ms ti.c preseure or magnetomotive rce 
is the "Gilbert" and is renres d the letter 
"Jl'l f! 

'I'he t of magnetic re�'£istance r relucta:nce is the 
"Oersted" and ia re sented by the script letter t!J/.11 

• What is Gilbert a ampere turn e l to? 
The product of the :num.ber of turns in a coil the 

amperes flowing through tb.e turns is; called he 
arnpere-ttlr:ns. A gi rt is equal to 0.4 pi or 
1., 26 time�:.� t. product of the amperes flowing in 

coil by the er of t urns of wire the 
coil. 

#11 .. Nhat magnetic 
flowing i:n 750 

ssure would be set 
o:f a eoil vvound 

11. Nhere: F : magnetic pressure 
• 4 TJi = 1 .. 26 

if 4 aillneres 
a wooden r 

gilberts • 

'!IT -.;;_,'!] '""'- r of turns in coil • 
I : A:mJ:•eres f i through coil. 

Formula: .f' :: L, 26NI 

Substituting: F = 1.26 x 750 x 4 = 3780 gilberts.Ans 

I 
2. 't\irite Ohm's Law :for magr1etic circuits and give alge- 1 

braic symbols and equations. 
· 

JJ_12 "'' t i - .  
-,j • •i•agne" c lJl:nes ... 

rste = 
·� 

Gilberts or 
rsteds 

Gilberts --

gnet 1 

11 :: F 
� 

:r 
s 

111 J . .. It ;:: � 

Gilberts 'Iii gnetic lines x oersteds 
or 

iH'le re: 

w '::: :f.'<i - liltc 

F::: Ma ive roe = Gilberts. 
iU = !,tsgne·tic FllL"{ :: Magnetic l ines . 

I. ,_ ,,.,. 1 "'ts .,�e = Oersteds • ., ""'�' ..L1.v ....,... ,_ .}.,�. v 

#13. A ma. tic circuit is c osed of iron. The coil has 
through the aoil1 

iron circuit .. 
280 urns., 
a flux of 
What i�3 

3.,6 amperes 
lines is set 

reluctance of 

are s 

circuit? 
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i3le;752 
75 

.4236 oersteds. Ans. 

STION ]14. How monv a r<�S �:t �' 
t: 't through a coil on a 

ANSWER 

�UESTI 

ANSWER 

-uESTI 
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wooden 
6JO l 

crder to set un rm:: tic flux ot 
rel ctance of 

There are 2 

it14,. Formula: F � {{� 
·1 -�ci �· "" .i .i • �·,. "'"' w l�o. 

r 
... 

1.26l'lJ 

Substi tutLng: I "� -

on t r 

,"';:' 2?. 8 a 

r 

:; 

res. 

is 16 oersteds 

120 
4.4!' 

#:15. What n;aterials are 
mag:rJ.<3t ic substances? 

as ut.lg:netie substances? Non 

#15. Iron and stee l are knclJ!l!l <H.: t21e ;na ti(} f:Jtanees. 
stance other than iron or steel is ::rvm as 

a rwn-magnet ic substarlce. re are a few excH:: ptio:n 
rlic�kel, co lt. a:rtd alloys are ma gne t i c to l::Wme ex­
tent though far less than iron or steel. 

11·16. is the reluctance '��f non-magnetic substa 
rmted? 

#16. 'J:he formula for f Lug the relucta:ttCH� f a magnetic 
clircuit is similar to the formu.la. f r fin.ding the 
resistance of an electrical circuit. 

To find the reais�snce of a c? r wire of a size 
or length. nm 1p the res1. 1.�ce of o:tH3. 1 fo ot 
of copper the length in feet, and divide by the 
cross section area circular mi ls. 

T'o fi:n.d relu�Jtance of s portion of magnetic 
circuit c sed of any material. exce iron or 
steel , iply reluctance of a ca imeter 
of a lr which is the same as all I.Wn.-m�g:netic 
stances) by the length of tJ1at part of the circuit 
in centimeters a:nd divide by its cross-sect ion a 
in s quare centimeters. The reluctance of a centime ­
ter cube of air is 1. The formula follows: 

, _ ·  T re: i. Ill; re luctance oersteds • 
.Jii = .L � ... L = length in cent imt� ters • 

• � A = area in sau.are centimeters 
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? .. Compute the reluctance of an air gap which is 1 .. 4 
centimeters square a 1. 2 cent ters long .. 

1117 .,.., ., f • r·o:rmu.la � If : 1 X 1 

Since 

A 

a rea of a squa :re 
length of one side: 

.. 3 
' � t (� Jf. = .., x ;  

! .. ¢. x Y .. l/: 
"'7 .. 

7 

i.s t3 1 �t� 

� 
.. 49 

t s 

� .. 61224_�_;-_sted��t 

:re af 

1fl8 .. Jl rna 
lines t 

re-turns are cessary to se 
a:rl air .28 rJ s 26 0 .Ltt. 5 "�;ete rs 

1000 
long with 

a cross section area of 2 imete :rc:o 

#18. Formula: F = m;� 
1.26 NI :: ·m� """ !l X L 

:!.1 
1,.26A 

Subst�ltuting :NI = 

sc.:c; • �lz 
l¢¢0 X .?.¢ 
t.i� :-t i 'X 3 

* (�3 

r� ,':) 
""'" ·�.,. 

r,.. t.JO 
"1 � .,.J,., *' '-' �-� 

• 34,.3915 amnere-turns .. Jns 

te.�.i:!' 

�'PI'"IIT !tl9 �"'- V .J..'4 1l' • 
.... +"'" "'1"""' "'t th"' e'•d""' o4' .-,y., "'l·r l"'"""e (long 1 ;;:) i.;.U.v ...l ..o...�.kA ,_, i ,J;.V _c._;. i:J � <�-6.�-.�o. ··�� vV,L, 

ANSWER #19. 
coil) compare in stre:ngth i th the f lux st the center1 
Practically all of t 

of n::agn.etic flux 
t·e:n times its d 

no:o.-rna gnet ic 
t.he air or t; 

.�. 

.,, 0 
rough t air to 

ltx:te�; r 

t�) t 

is air 

stanre 
cf 

the 

coil. do 
of them 

t t par-

I 

op. a coil 
is 

To f 
lf of t.hst 

flnx at 
ly follow the 
ferae is eaual t 

a coil. we mert� 
ic c;ircuite: Lines of 

rce divided 
1� reh:u:: e t magnet ive roe is 
eq�al to 1.26NI reluctance of air or other 
non-magnetic a:r�oce is 1 t s le divided by 
cross sec:�. on a rea. the f Ltx c. t 1 te r of a suc;b 
a coil is found d di 1.,1?6IH by the reluctance 

the air '•"Jithin t '! il. To find the :flux at the 
of the coil, divi f the c er 
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rem 

ANSWER 
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A1�SWER 

-UESTI 
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#20., 

,-, � 
i::;J,,. 

ceil) of 100 cent rs 1 1.5 cent ters 
meter. if it conei 

res is flowing? 
ends? 

Formula: al - F - 1. 261li � - � <r..!l> 
-

(l ,. .u 
A 

Sinne s coil is circular, 
square centimeters is e 
tillies pi over 4 (.7854)., 

Sub i tut i:ng: 

1.,26!HA 
L 

the cross 
1 to t 

1.,26 X 351ll• 1.,5£ X ,.7854 

n which 0., 
flux is set un at 

section area in 
diameter square 

g:; 27..!_27,5� lit!_�.� ,a_t* c_ent�r of coil.Ans 

27.2759 
2 = 13.,6379 lines at ends uf coil .. Ans .. 

does the reluctance of iron s 
the reluctar1.ce of n1.m-ma ic subs 

s t e e 1 co n:rpa re w i 
<::!'? ._, . 

#21., The reluc nee of iron a eel ra s from 0.016 to 

<) '-'• 
,};; !)<) lr"'"'"'" 

D. 25, ir:�g on 

er than the reluctance 
Sltbstar:ces. 

is it rae ical t 
rtic r grade of iron 

grade, ich is low-
air or r nc<n-msg.netic 

te t 
steel? 

re ivity of any 

a given sample f iron c:r a sition 
and t:reatment which is own@ reluctance wil 
vary IYith degree to ich it is magretized. 
therefore it is impractical to state the reluctivi­
ty cf any particular grade of iron or steel. 

Thus it is inrpossib to state a constar�.t for use wit 
the formula for fincti the reluctance of iron or 

steel. as it is pla to see that the reluctance of 
magnetic rr:aterials from re i e electrical 
conductors 9nd eve;:,: frcm the reluctance ,:;f non-znag ... 
netic materials. 

3. What is the unit-piece mag;Jetic and non-magnetic sub­
stance? Give e.xplanation. 

//23. u:ni t-riece magnetic and non-niflgnetic substance is 
the centimeter cube. In compu.tation of electrical �· 
resietance .• a constant is used, being the resistanc 
of one mil-foot (the unit) of that particular mater 
ial. tiirnilarly, in corr:JYUting reluctance. we must 
know reluctance of one unit of material, so we j 
find the reluctance of one centimeter cube. . 
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ANSW�R 

:-UESTI 
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�UESTI 

A1ISWER 

#24. 

repres d by? 

Magnetit; ing-force is the m� ic s;"?nre nece s ss 

t;o send a given aumber of lines t; hrough a centine­
ter of a :nagr.tetic circuit. The value of this magne 
t izing-force is stated in gilberts per cer3timeter, 
a:nd is repre sent ed by t tter H. It can com­
pared to the voltage l�equired tc send a given elec 
trio current through a mile of ire of given d 
sions, or in ather words the voltage drop per mile 
of wire. So, it is p os sib to call the gilberts 
necessary to a given m.1.rn'ber of 1 s through 
a c e :otimet er of ma ic circuit, the :nagnetic 
pres::mre drop per centimeter t, mat,erial. To 
find the t ota l ma tic preaEPJre. if the magnetiz-
ing-force and the len.gth o:f the cd.rcuit is own. 
multiply the magnetizing·-.force the length. 

5. What is t.he unit flux-density or 
f t u�it. gree of m�1gnetizati 

#25. The unit of fl1lx-de:t.;sity or d e gree of msgnetization 
is the gaus:::e. a is represented letter B. 

It is the value f lines of per square 
centimeter, corre ending to amperese par square 
inch cross-section of an electric circuit. 

#26. Explain bri ef ly tization curves or B-H curves. 

#26. Sinc e it is impossi'tl to state s constant for the 
reluctance of a centimeter cube .:;f a magnetic sub­
stance, o:n accotmt of the (;ha:age reluctance due 
to the degree of magnetization, curves are plotted 
showing the actual number of gilberts necessary t o  
set up a given number o f  lines per square centimet­
er in the material. <oVe ght plot the:::H� cu rves show 
ing the value of the reluctance for any degree ot 
magnetization, but it saves us much effort to have 
the cru:rv·'3S plotted in gilberts pe r ce i:meter and 
lines per squa re ce nt i meter . ar;.a, to find tlle reluc 
tanoe it is only necessary to divide the gilberts 
per imeter by the lines per square ce:ntimeter. 
( This gives us the reluata.n.ce of a 'Jentimeter cube 
of the material) So tc find reluctance of the 
magnetic circuit, we proceed as in computation of 
re sistance of a material an electrical c ircuit . 
ie •• resistance of a lfoot of mate:cial, times the 
le ngth cf the material, di v ided by the cross sectio 
area of the material; simila rly in magnetic circuit 
reluctance of t3 c entimete r cube, times the le ngth o 
the material in centimeters. divid ed. by the cross-
se ion area in square imeters. 

�UESTIOI'J -#27. Show a ic ols snd equations: for ccrnputing 
magn.etic pressure, v�hen the length o:f the magnetic 
circuit and. gilberts per centimeter ar•3 known. For 
computing rna ic current or flux lines per 
square centimeter the material and areas of the 
material are 
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lUlSWER 

Where: 

rmula : 

re: 

F : 

F = Magnetic pressure in gilberts. 
H = gilberts per centimeter. 
L = Length of ma tic circuit. 

� = BA 

� = Magnetic lines of force. 
B = Lines per square centimeter, 1:r1 gaus 
A = Cross section area in square centimet 

era 

CN #28. Compute using B-H curve: magnetic circuit made up of 
.snnealed sheet stee 1 pieces. having an average length 
o:f the long sides of 8 centimeters �:lnd of s r·t sides 
of 4 centimeters .. J:ach side is 3 .. 5 centimeters wide. 
The pile of sheets i.s 2,.8 imeters deep .. If 90,000 
lines are to be set this core, how ma:ny ampere-
turns are needed in the coil? Subtract 91lo from the 
depth to allow for insulation between the sheets. 

#28. Area = 2.8 x .91 x 3.5 = 8.918 square centimeters. 
45000 

iti = B.A. . " � 
• •  1.!: = - • .ii � :;;; 10091.£458 gausses. 

,:�, .459 

H for 10091.958 gstu�ses, annealed shee t steel, using 
B-H curve equals 2.5 gilberts per centimeter .. 

F = = 2.5 x 24 : 60 gilberts. 

L .. 26NI 
F -• NI !i11-: F • • 1.1 

1. 26 
60 

1:26 
- 1��Eere-tu1�� 

Ans 

C�STio:tl #29. What are the re t i ons f flux, reluctance a 

ic pres s ure in series rnagnetic circul ts? 
magnet 

ANSWER 

�U!TISTI 

AUSW�R 

'�') ffG911i Series rr;a ic r::.:ircuits follcu"¥ s�tne l�H� s  �;s St1;r"" 

ies electrical circuits. That ls, t f1u.x: is 
through all parts of the circuit. alt t; flux: 
density of t rta be d i ffe rent (If the cross 
sect ion area ia rger one lace t her th 
flttx i ty will be les;� t ; the re-
lnetalloe of a series circuit is the ;<5um of the re-
luctances of the :S �Prera 1 rt.s; and the n:agnetic 
pressure TJ.ecessory to send a certain m�' tic flux 
through a series circuit is sum f the magnetic 
:press11res !1tH!1:Hlsary to send it through the several 

rts. 

{/:30. Nhat is rGeant by series ma 
magnetic circuits? 

ic circuits? Parallel 

:t¥'30. A tic circuit ia one 
t�:.i 

lei� t.vtJ r rnore 

with ea r are '-'!Gnnec d 
se;urce ;;:)f .rna tic pre2�;s-ure9 as 
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• c; inued. 

t srr;Ja . air , !:l!Ht "!:; l.B8 
• In this ca se t arms haa 

a reluatana�. the air ve a rel uctance , a 
the iror c res of the a ve reluctance. All o 
the se re noes are in earle ith ?q other an 
with the source of ma g net i c pressure. A h lar 
dynamo (or a multipolar) also �011slsts of a paral­
lel circuit in series with the s e rie s circuit. Thi 
comes r the def lni tion of ra 1 ma ti c ci 
cui ts. 

A parallel magnetic cir::::uit is one in which twc ;.):r 

more reluctances are side side or in with 
,3ach other a with the source f magJJetic pressur 
·� flux in a ra1 1 !La ic circuit i the sum 

v:f the flu."< in the sc::Jparate l!ranches. rel":lCt-
ance ra11el ircuit Js the reciprocal f the 
sums cf reciprocals he reluctances of each 

; s::u.d the ma tic 1�ressu:re is t same in 
each ·bra • 

The bi:polar (or multipolar) dynamo dtH3cribed sbc.r;re, 
is a combination of a series and a parallel magnet­
ic circuit; a series psrallel eircuit. In this case 
the ��orth pole, the a rrooture, the South pole and 
the t �·;o air are in serle s carry the whole 
flux. The top and bottom of the circular frame, 
connection the rth pole with the South pole, are 
in parallel th each other with the source of 
magnetic p:re�::sure. a ,j since the reluctance cf the­
se two parts of the frar:.1e are al,out ey_ual, ·the flux 
di'vides in two parts. magnetic pres:2ure neces-
sary to force a flttx through this c,;;rnbirmtion is 
equal to t;he pre s s u re necessary to force the full 
flux through the two poles, armature, and air gaps, 
plus the pressnre necessary to force half this flux 
ttrough either t top or bottom part; of frame, 
as the same pressure which force this half flux 
through either the top or the bottom. force the 
other half of the flux through the other parallel 
path • 

• What is weant by saturation p oint? 

#31. There are two �:tag,as of magneti::::atio:n .. The first sta-
ge is t during i��h it is comparatively easy to 
add. 1 s of f;:;rce to ma ria 1.. second sta.g�� 
is called t,be satl1rstion point. The saturation point 
is that point beyond which it is usually unprofit­
abl9 to magnetize the material because of the great· 
ly increased difficulty in setting up lines of force 

This is evident from a B-H curve. 5ach curve has a 
peculiar shape . It is seen that in o rde r to set up 
a few lines of force, a re lat ively small n umber of 
gilberts per centimeter i£ needed, bu.t it becomes 
increasingly difficult to set up further lines. The 
point at which the curve hend.s int o a :nearly strsig· 
ht line running almost horizontally is the satura­
tion pointt and is the point beyo:pd which it is 
unpro·fitsb.�.e to magnetize a rnate:ruzle 



t 
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:.UESTION #32., Explain the relation of rmeabi li to flux density 

ANSWER #32. It is possible to state t facts lined in t 
previous question, a different way. might 
say that in the first stage of ma tizati on. as 
far as the saturation point. t.he relu·�tivity of 
a magnetic material is quite low, btlt beyond that 
point the reluctivity will increase rapidly until 
it is equal or nearly equal to the reluctivity o:f 
a non-magr.;.etic material such. as air. But it is cue 
ternary to state it in terms permeability, which 
is the reciprocal of reluotivity. Since reluctlvty 
is the ratio of the pressure to the lines of force 

a centimeter cube f rnate]:'ial, permeability 
will be the :raciprocal or the ratio of the lines t 
the pressure. 'J:he value of rmeability is the num· 
ber of li11es set up in a centimeter cube by one gi 
bert. If we let a symbol which looks something lik· 
a small u. stand for the permeability, and since 
the stmbol for gilberts per centimeter ( magnetizin 
force 1 is B, and the symbol for lines of force per 
square centimeter ( flux density). the algebraic 
equation for permeability is: 

Where: 

B 
u • H 

u = Permeability. 
B = Gilberts per centimeter. 
H ;: Lines per square centimeter. 

:UESTION #33. How is the traction force electrou1agnets computed? 

ANSWER 

QU'i;STI 

ANSWER 

#33. To compute the traction force 'Jf an electrorusg:net, 
that is. the attraction or pull of the magnet upon 
a piece of iron or steel, the following formula. is 
used: 

Where: 

#34. Draw 

F 
6.94 B2 A 

.,.os J. 

F :: Pull of electromagnet in pounds • 

.B = Flux density in air gap in gausses. 
A :: Area of air gap in square centimeters. 

Transmitter. 

#34. See diagram on separate sheet. 


