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,b.JtSar sL;:io o /b r*Jrt.SI .r*-n5*$';2s 12 (r-r) Jg
n!T"x LS.f., 1qr-JJ oJ'.l ctiJl;bJ9 o'.r-L' ': ',y'L 'J-**i.SF rs )l-: 175

, r"5..-L- r"; dL rJ LSlrlrJb. cr-l ' 'r*tt t*b r *l/f r"'**ir- L23r

(e) 0 = 35o

(b) 0 = 90" (maximum voltage)

| -r <Jb +Lyr rLfL: lr - r 4s
: ,.'ll-

f* J*^SrTl*, Jf a?5; +l' . FJ* osti:-l ( r - t b ) ^l+tr rt

. (Sfra) srls .rl.r, ol.* grJtr OT 1,J,.qo:.;L Yo ) ,t ./ T J*ii d, *l ;. o / 6

fT



(a) 6=8fe(sind)

= 1.5(0.2X I .3)(sin 35")
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(b) E = 1.5(0.2Xl.3Xsin 90")
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. 1.5 JLb ,s t*9:1" o -l'; '[J I

: ..JL

,-,t*- l.r t crbi -vt' t+*1.r" . f"l* oshg-l (f - f a ) oJ*'tr rt
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= 20rev/s fr)lJ $q o.iois sr.tt-r I Yoo L:*3 !s fl . rf-
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fr(

J* ^+bt' r'rr" J9J )b tt)1'a-t'!t lrs ' $f..'t )iJ Yo o*b:a,rr t5rl5 fl 6*
(Sfrr) "rt ..ll-.j.5.rr" i "'.1+ 

p.1)!eL;.--r. t ,s"blr **# sl-r ' ';::(-o'

,:] r j:#=o.o'tt, :ri:

ExanPle 2'5 (Y)

os9- o;t: , oUJl) I TA 6rb .rr; fl . rFS*" .F:"1., (T - r) JS
.6rb ,.:L*9;.oJ,i eLJl;LJrc*L.. ,.*r9JL.,.r.lL ,to/ool:j.l ,r rV s
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t6
'r='7" to-

I r'loo x l0r\ ' a-d ,1J: t[ o-ol2s-/ x lo"t
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I ) FLUX-PER-Pole
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.-L-l, (t)oL, r-.Lt-.;l.rs .f*l* 63[i'''1 (f -yb)ol"rl",;l
.5Jb ^(,,,1.91,- 1;)l gL., .-.1.,a*l.rs , s*1, qr-b; 6l*sl, I yA t2sr Jl . "f
,JlJ, lJ), oLJ f ,rJ^i 9s f** Jr . rt "ol9; ^.-b...1- -ri-6r ol*sl,r .d.. 

IYA JV

:l-iJ . (9lrr) .rr.oll- (c-;s \o) ,l*"1, nl2 .rl:rJ
rrl,=Z"lE=0.0126t 

.,*
-ld

F = -lun 2t

l/t x to-3\
:-l--l

2\ 0.0126 /
= 0.397 V

orf /? 6ly s* lJtS& cst$ ( t ) ,L;0..*L. aS t*rto....rr,"lrrgUb. ,l
,ui dr*+l l+!-i sl.rr: ,l, (T - y) *)Jsl".o drl.r-... , .:t -l-.
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Exomph 2af (rf,,nslish)

(2-3d I f*.,|s ( ENG ) r"*-- .,"

Q-3b) . p.,'.,|s ( Sf ; r.L*- .rJ

l( sNC pa*;.) y -r Jtl"

dPS x lO-t
u8 
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F 6Pa
,1 :-"t 2n

f csgl-- p , (r -A) JS rs,lijl; .>Q.-ki sl.s,: FLlr p Jn-l l.rler rs
6rln.slq'll.,wr @ I, S t6ry.wti.r.orb 0 (f -f)&ll; rs..ulo*.
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. s.lL 300kilolines ykir.orb -51 .grb.,s.L-9;" or.i eLill;LJe .1-ilt;
,r.>l.raia:J*'i*rl*, $t', *Jr4t-r oJ.j; elill;bJ9 r*-ol9+.rfl I(v)

:JL

"r,= %:tiJ. r*.rs* s^s (y-r a ) aLrr jr :-iJl
=O4V
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F_ _ OPS x lO-t . Jg+ Jn l* ,b .Fut 
60

, - ffiEt 60(l)e=pg;15=n @=1u6*; *_+

= 750,000 lines = 750 kilolines

Brmptc2-7(Sl) :(tS| f-...*-) Y-YJU"
: ," .*;L.o , &;.,3*.o.q'-b.rr Ot"l, Yoo *o- I.1 ytj rJ CHy 15;rln 4

..s1, .,.tto/ oof Jip.rb &I*s*,L*i-.:* "lill3bJ, I ( . )

f, vki.p.rb , $1, d:4 L-9.. or.! etill;trJ9 r"."lr-., 'fl . ( b )

..J.-,1--

:Jl-

Et =3 
x l0-'-x 2 x 40o : f*rlr (y -r b ) ^L'l.r,l . ( a )2r

= 0.38 V

s25r. J96+. *Jf^trlrsc-Jl t-I"'ostis-l (V -f b ) ol.rl., jl : ( b )

E, = # .,:*l ,b .F

5_2rE, , 2tr(l)---p6 a=m
= 7.9 x l0-3 Wb

24 VOLTAGETN[|'|JCEDgV ACo'L ; (t).i\ls4.rro$ hlljurT-y
crl.:,.. , F.ttro"J5;r .-p lr .gsb 4 .rr os.l "liJl thJ, pxf" fl
.&.r. f., (T - ! o) ,Jg . Fir .rlf ,gt, rl5n * l.r .rll. 15rla rr" ,-l,:l
q." .rs -i)K c.",1 : c:- | o r.t d;.tl"Sr*t r, ( T ) .9r5., S: .i)lS{ oTr.laS C*rS*

s C,slr"rclolii oS cr.ll.r a+f rrlt . si.16p vh r" d- 
(t)..*L 

.sloot.ri,

1) Coil 2l Single-turn-Coil
3 ) Clockwise=Clrl
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c9ltJr"L.r.L

)U,LtL; s.tly.pL*u,r f t b , d cslocssb 9 ."(*o C* l, )VL9L6 e

.f.Itji. drl+* 6.rb ;, g t a ..5[1*sl-o . J*I,,,J Ct l.,rbt$t lsJ e -sr;;.
Jr"i+o d-tJ:-.: \i..1- Uljl ."f *tf- CJl.r rVLtL; F r.lu*l a-..i; 2J 9 oJgr

*-i)S .S, fl # ,h. sr5o. 'bJljU, .rsLo es ,.rJiii c5.rrr .5; *i)S .5* 2r oS

. J9r JAlf 2 N ;bJljlr-Jr sr -fy 6thirto sls,u,t"JL luls.g.r9s N

z=21{ (2-4)

AY

Axir of
Rotation

"u
\) ./ \)
Ar/ A,
{+) (-}

,#Lbt ol+. & ogsJ cSsgr rdr.ilJS & o(ttr c;zl.r iy - I o cl$,

l.r.(',no-l-i,;*1, !:sr oiti r r*,J*". F.r"l., (y - l.) ,-l*, o,;ttgr JL
,-r1., c (.sJb.r" or.! cliJl;LJ, #J\ d C*rl"* ro.:rg,a*l ,s . F-5-" Jtrl
ri6 a.*i- &1, oA e 15rli rr 6*\.;l 'tilljL:J9 o*r\ t6ry$54e-i,. eV

.rr r.SlaL^J;lJ9 69---* (ArAz) .i)K r 9J c,,* jUr o$T a-..;,; . J.it+#

.r.rti l, L, s;d*. 4*? f-o L jLlrrr d,,lds:.*.ilrcrl . sL-. e 9 C at<.*"L

L*9... )Vl ,rl . ,*J .-L-- l.l ri,rtr ,.-S -i)5.Sr.rt L.rr"o J.i'tiJ13LJ9 oS s;Lo'

f., (T-f) ^t-lrolq:#.JL. f*stT r:"'r-:..'rls 4 ,sl.x oS r;-.rjUrrl'l"
i u* cF.n+lrs.rrs N -i)S € .sl.rt

(2-5a) I 
'.*.,1, 

( E1IC) l**- ,.zQPS x lO-t
ut 

60

F z$Pot
F :+"8 2n

(2-sb) i ,.;rl.r ( Sf ) ,.4,r ,s



AT )tUtS t )dtrl*l*"+ .,!f"

,;-1r 66;;.-o , Jq.ii.*.o ?p;)K .rJ .sLcrsls .llsr: Z .*lL-rlLr.1"
i uy g;-?.*l l.r ,.!r J-llt ol*:o"

:t*rl.r (ENG) r** r.

Er=

Examph 24 @nslish)

4 Of.rr a'iioii"r tr Jrr
oJ.i stiJl;LJ9 , $tt

os[i:-l t., . "Fstt-l ol.i*.
4O0(3 xE:--:ug

. J9: J.o'-,,-)Kcsb.rl. rl.r,: N (r - ?) Llr.r.r"

I (nNC tL"#) T -A Jti"

lAoo ..-cr t 9*lrfl;r- d.rrr Too .i)5..!

300 kilolines, ..ts ,t ,bfl . rtr-'.-.. 
"J* 

f **-
. "J ,-l*-- l, .-i)lS ,sL*t-

:JL

J.o jl ol9:*.

lc*rl, (y-a a )

"L1., jl ,.-if 5J (\-? a ) l* (l-A a ) \tstjl .t
400t300k)(4x 1800) x 10-6

'.:-ut 
60

= l44V

Eranfu 2A (6I) :1

..! Oft. o=-b.lJ ,["1, l l o ..:-s- lt 9 .-l ,fy* cg.lgr

,st-g. oJ,i 'loJl;Ul , ul.r.lt: o/o of v t+ .*.rb fl

F NdpS x l0_r
L:"t 30

(2-6a)

. ,.rrl.r ( Sf ) r;- ,"

(2-6bl

SI f*."#) t-1JlJ.
Yoo .i)ls.5-

. .r;,;-a-r 
"J"" 

f ,n.:*1
. t*5 ,-1.--1, .i)s

..11-

(r-o b)I"lrrjlJllbjl
:Frl"(y-ab)oLl.r,,t

NQPoo

(r - ? b ) l.
r0-3x4)(190)

= 145.1 V
2r
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En nph 2-10 (Enerhh) i(U1VC fr-#) T-lo Jl3"

.r9a.r c9;9s Ao .iiS.! dL,* .xl .1, . f*#". F .r" l, ( f t I ) JSl

I Ao o %.stt -lr-l Ctl r ." -. lo.r.l a.t >.- ,gtSa:a1 .)Ji u.,-? .ll Alo,.;1.:-l

g-l&.JAi 6*g p-* .p.l Ot:t 0.,-L. .:*ry'L . .r;26,:+o ciioiis.lJ JrJ

S* CI- . J.!1.. .-l fO rlgo *i)5.rsl"'9;.,,0r.1, e Lill;lJ9 C*ol:*- oS;T.r L.*

800 T

Field
Excitetion
Coil

Cart-Steel Core

--D

urnt

i
b Rotating I Hd.tr,
I cvlinlrr----- l-*- /t"sll"\

le
7
3--Air Grp

'(

Y
f

r\
l/e

JIL

rlffi
I

J

I

8i

ln.

: ..Jl-

, .> | o.r^l .l*S,.l; s'-i rJ jl Jb. c,,l

. ssS,*. J-rt t& (Jt^i o#n) Cr" Jl-i JlL.r"Ll r. Jrl u:'*i "-i'lt
. s+Loo 6)l- Jrl J.ai Jlt oLl , Itr,r-**i :,.-

jl J.hj" cFlul.;., . F-S,:"'.-L- 1., jUr "-Ji t1p h' rl9. )V' l.r,tl

Jrl JL-i.r" (t -lA) JUovLl AJt*"dr*r',-r+. f*.*5". l5 (1-, a) 61"?1,

.-L.- t;Tgt,;+r 4r* 6q f=t* MIr{F .Ji s.lr tLt' c;*;ls L,r:+r . s7 solt;
. ^--S-l"



AA rr[:,l5 s )Vt.-**l""; "$f"

. 3OEs
@:;P5;15:a

lJgl cin,'i

: Frl" (T - ? a \ "L1.,;l osli:-l t'

6- 30(25) : lj.J

I p;s Ci.-^i

50(2X1800x10-t)

= 416,667 lines = 416.67 kilolines

o< +f l* t, "r- JL.S: l, (T - T) J:r+ olr"". ( 0 ) ,b d*;ls L

crl C*l cr-*i a5 ,.;;L*p. of Ftt l*+llt. . slf o+L. ;1"l- r:r" IulMF rtT

r',7s)* .5"f )l+--.,jlrt o.t"ti ,J , 6s9- .9r5a':;*.r ')1.:p cr+)l ,g:Sti; ;ls"

' srl'r

f-f cJg+ToUe 24

Hxl

Cast stcel

Two air gaps

Tcal MMF

4t6.67k
416.67k

28 3780

0.1 3267

7{M7

lu.2k
l04.2k

135

32,65

B = *= ry = La4.2kilolinevin2

F JrTd €gr,! 6;fa5',., r)ti c.'+-ii rSl.r l,r H r osf o.1li':"'l (t - P) JSa ;l
: fr{-d#. ,-,1*- cF.7.ll l, H Gl* aLli rr.sL ( 135 A-turns,lin )

Bll--
F4

104.2
- l.lg x l0-3

= 32,65 A-turnJin.

I a..p; rs . ,q.S,p o.+-L. ls1 x tr.sQSlJL

00tal MMF = 3?E0 + 326i1 = 70/7 A-turns



"!,;JJl 
.slt 'r*;l t .;t* d?

:f*Jl"(t-fa)"Ll.,,jl

7M7 = N/ = 800/

70/.7I--:8.8A' 800

Examph 2.Il (SI) i ( Sf F-*#) f - I I JU.
,r+ q9rrr Ao .i)K.s* f** olr.r . pr;50. .k :" l, (T-l y) Jsl
tl[ r:--c- l- o;19*lCrlf ...*l o.r,J; d!-r! r-S2Sc.r-r., ")li u,*? jl .Sla;|.:*l

1*:** -l.tr.*Gr f+-.1J..r[f o*L. s*r$ . J;J.',i co,b :r.lt*sl,

&* CL- .r"-5 dr f A,rlr.r .i)lS,;st-9;r. or.i ebJl;LJ9 fr.lr^r&T- Lt;i*
& e /"olf .;tlr.jlf" &lf I grf 2i*, o/ooyA l) o;1.:-l I LrSt a:,*sr":9r

, .> | .gfo:;*, .)li ey )l ;,"- .JL ,r-+ . r"s;y

Fiald
Excitation
Coil

Cast-Steel Core

urns

I

I *d"n
t_ cvtinder-\1f,F"( HIH

| - Roteting I

'{ coil I

-\lH o.''P

Lo,,o.o I

I

I

0.2

ly - ll Jb +Lyy A:r.r! if - lf Jg
:J-

, c-,1 os.i; ,lro$].: !:.*j ,J jl Jb. Orl

. .lq,;:,*o rf ), (J,^t dr;r-) r:" J.^i JlL,J"Ll- Jrl .r.*l . .i.tt

, rs So. .,?)L JrlJtai JIL" oLlJ., frr ca..i :,-

)l )rh,-b c.,rf cSl, . f*rtT,€ gs ! 1., jUr +Ji .4- p, rt!- stl ls'i I

r J9; JAlf (l - I ?) Jb. art;:. "Jl*" c*irr*. rq.l*oo3li'',1 (f - ? b) ol*1.,

.f"Jt+".-L--ItTO\f 14.* & 1*MMF .F tryrt:l Crt*l.r L..;r"



AY )ths s )ds.,- l+= 
"!f"

lgrt ,'.* ;

i -r'" (y - ? b) &lr rlo.rl-i;*l L

,=H Z*-*YXA": l"'
:l!

25r
!-* - 5o(2X188)

: 4.17g x l0-r Wb i P9c ')4"^it

oTo, ^-e:; I, b Jp ,l, (T - r) Jr- ,-rlr+. 1 * ) ,b ,*ls l-

.frIL; Jl.r. r-.r*l l".cl ..:--6 
^S ,"r9;r. t& Lil,lJ .19; .-t^.- ,V "ry MMF

. s.rll rf,l .r ,5*f ,l*, .jl-r" aL.ti rJ J dc9-.5rSoi:;-.r .)Jrre--;.2;l

Tabh 2-3 f -f <Js+

Hxl

Cast steel

Two air gaps

Total MMF

4.18 x l0-3 2.5 x
4.18 x t0-3 2.5 x

7.3k O.7

1329k 2.6 x l0-3
l0-3
l0-3

t.61

1.67

5r l0
34s5

8565

. t""l-" .-L-' lr.rbJt5" l-rl .f+ar+" Cr o-)b th lt,-l-1" Jrrr OrJ x :.h

B:*=HiF
: 1.67 Wbim2(T)

#-",-l*-- cfa:;*, ")Jr" .:r.*ii slrlt H ., orf ostic*l (f -V) ,lS*.rt
. +Tcf ss.! g#:a+l H ..jlrr aLb Jr csl- . ( .r x r-T!5y/f )

l-{ t = vtf K,)/rrt . !' f. , A7 *l- ")}

i.f ,,r, -!- = 
\J]-t'*" - \pcLtlr]

ti l1*. [.,I t'. '

*r?p*\/1i LrrJ L'/'' t ( x, ()

o>.*:-.: t. . FJlo *,0 a* [*. 1., H x t SLn"- l J L

total MMF : 5l l0 + 3455 = 8565

,rp{,p E{fqf
I

N- rrn Lr ^ n lf z f[ tf t\ |' o. {[tr ..rla / \ /\\r)

BH--
lI4

1.67=-..'....-4tr x lO-'

= 1329 kA/m
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.5SiS.Jl .slt '* i t CLt AA

8565=N/=8001

I = -8'# = lo'? A
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2-3 L€rYzs LAW

',*.ll-l ( I -r b ) ol"'l.r ;l

'(l).r,1 o5.,lir_r

Jg, ..Jclrs lr.i)S f.,."lr--rft . p-s5o";" (f - l.) .-l$* o2l9r JL

'Ll* 
L..;J'ii . J' Folr- ^a19. !slo.r^" rt*'. t.1 ''>29**'rl ,s f*sl|sr,.rl.tl"t

. s;f;j C* ul.rrr drltt cl+-i ol:5 "illi,.o
. rrl.r rfi ;5r P .rr orl9.o .S (T )S't'.-' tst.r '.-ri'Jl

(t) (.rt) l-0. *e[L l.-

.i)ls.r. ot f etfrl ,s ,*J Jf..l" t9lar-- .rl'.r"JsJl.!9i(-l)Kartl tl

ciJ[;. ,-blf c-stt.xl .rr fv.rlT.rr ,l.rl*, lr.i)lS f*olrttflJ L ' s'r So' tlf ,
. s;l;j C.* ,-:lsl.l Cxl a{ s^-r--,j oli.S

. lr-,rls g2& clf .rr tS Sl<L"-l 'st7 : ..iJl

. FJri fi )ll-'.r.6 ( "t.,) 
leo .r.9ti" l'-'

. ss5*.. sL, J)S ot.rri.lil l. 
^S 

(f )c.*tl';..s:.ro' lC

J&. rls;lr *liiF:+ cS*--1.,**tLo 65.;* o** c,r,+"o rtlr- oS *i5 r'L

t:r,t\,o *,>l ,r."L / uyti or o.S $.+rtl$. Lst.t* o'r;*o;lt2't JL ' 'rlt*o"

$+i.tt:; ul+o, or.rr tsrb.rTr" ^S f*#"' J+ .rt l, (Y - lr a ) Jg 'f'l-S*

s-L,t-.:.,.51a::--.rl* 4 .grto cxl ot fl ' t<o' .:+ )llt .:''*? 9 srls rl;
A'"i.a 6.rb ;A r.5rl.o otr q.? e.tf ..rrl.r" +L;.r:.r rl*i+.s"1o;l &.rA

t9s* ,t\:- attt.rlrs ,,e5;.. ^+l (T - lf b ) JS&JL ' Jr+ $lr; 'u;K

o*f d *f". dr*.r1*.t;J,g,[l . 
"r.:T.t' 

rt+v LJ+.tL;.'n ol+*' rP ;-rsslo;l

".r,S* tgrln.rJ jUf otiJl cr ra.- o5,ttrf Ir o.rl..o.o o.-r.s *Jy L9*=.bUi" ,1"*'

lrr.9.rlr.2r a-*.lj.o Jg, d,clrs p*r.;So"rbr.rl, (T- !r'c) J$ ''''1* .-iJ[;'

.gitr rs gl+0. oS fr,r,l.no.,rJ JS- crrlov a+f l* , '.-l o'r'i c'llsS .Jl^*ldt .rlro'

ol.ro.,s JsLu tore o#.4 *4 o "' 't!rb,rt.lrs gl'r''n :l;fl;x*l;" c5s[o

1) Lenz' s -LAW
3)Wind-Resistance

2 ) Friction
4 ) Magnetic Force
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24 FONCE PNODUCED BV A COTDUCTON

or.$'LiJl;bJe Jrl q e?lr JL^i dr,l (T -f ) t, (V - I ) .s1,",o.ii rs
ft r.9slo p+.ltt .f.rLt st*,! ^1=r ,rt fl ^5 F "S 

. Frf r:.* (ool t Ji)
o.lslJr. rr.L*.'tilljUr.t.llo.rs , TsgTsr,.rl.ll+ .f*tt:'o olr*" 4 r.r:.rJ

. FSr" L,-,\.a bsyyr, (.!-f1 (t)rrLuS.F*|"* Jr-l* 4+lr Jr.^i o-l

(cr 
ir- ffJ,

-6&; L*3 )l oJ-b Ol.+.iii . ,#Ll:&' a1(4 qs92.t <19;" qgrb ia
..tu( o.ttr as(s

CrL* t l* +L, )l nL.b Ol+. tr .rD , ,;Lbi. Oltpaigsscsr*g1-tto : b

, <il o.* c.* frf dit :- 6)b
, (*lo.t u2 &t Ohr. , glt;i" O(4 g92s cSp" 65lb I C

I ) Force 2 ) Torqve
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dL',,'' t Cl* 7o

I

24.7 Elot-Scvart law
(t)'.rr.lLr*o,,*T-f-r

ostir-l Li olr+. t tt*l (r -Y) !\r,-yU. s..lt.F )l )ltLk orb
9 s.2i(,,0 ol*;+ oT jl oS .,^o- L-; (o$ +Ji ss.*) dLL 6lr lvlrr otrl

. ,n-rll ENG f** rr . J.rA-:.-l*-- 1., srlr.llt.f*tLio ol.* oJ.lr

F=0.8858ilxft-7 (2-1a\

: f*rl.r ( Sf ) f*';- lr
F = BII (2- Tb)

."f ostirf (f -f ) Jls+rra?.ra-l. rl-To* +t-, (T-Y)l*lr, 1l osls lc;l;

. sq.Li. y.9...^. 
".-tb 

olo* rJ ct"b ir"Jrt L . (Y - Y) Jvl:r.r.

Tablc 2-1 f -f <Js+

English (Fq.2-7a) SI (Eq. 2-7b)

F pounds

B lineVin2
I inches
/ amperes

newtons
webers/m2 (tesla)

metcrs
ampenes

F
B
I
I

24.2 Dlreclton ol Force. : qJ*j s{F" I - f -I
6 ol*r.,t L .gJls {t-9- o-u, 

"*J3' 
,st.t* (T).-r"-o"J l+*.9lt

f f ,I5*) .rr,l*a orle,.1 (f )(r.'. r.!.r o:;ls ;l "ll" .rlf .fJt& olr* oJ.rr

W r-r> \:!.1!-9 d^*,1 9 JAJ ,b lr,zt:, .-1"-!rr?L:sJo'?t+ c,;lS; lJSl ' (T

6l-r W Lr.> r.bJ ," ":r ,"'"&l *.1:,.o..*l .1" I srls(. .rl.*t^jt l, csslo Ot*r+

, Jy; ".ol* Lps.& l, lgsl"t-i o.l,i -;J9.

Example 2-12 l1-lIJU"
c9l,rq5sb-t*9 o-u, -roJi 6tr s{f . f"."Si. .F :tl, (Y - I A) JSl

f to.L- O"l l*TJ=1JF q-*> \:!J Otb o* 
"+.:. 

t, ..>lo-r.i; Lra.i,l. J5-,^
. a; l* s-u*.o

:,1'-

..rj:*.6 f "4" 
.5I

I ) Biot-Savart-Law
3 ) Left-Hand-Rule

2 ) Direction
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,b fl . rr.t*,. osf Jir r" e*l ? Jl'.,| a{ , J& et lrrt.i &* . $l**.
(^LL 6r*) o$ ."Ji 6ss-.* er'lllrii. . r.t' crf .F f 400,000 lines.

a.r.i,. &1" Ol.., gTof-9 -l* r*TA .gJb Ol*r* aS s"5 ;; ..J1.* l,

. Jr.,! .ctf ,lu ,s r;5

Fihurr 2-16

6rln iy J* oS "J+f *1., 6Je f"l* os[i:-l
l, (B ) ,b JK"rorf osli",..l (t - ya) al^?lr jl

: ..j-
(t - Y a) ala{lr jl

f r* | ( 9 lra) .:*,1 wl r
lij . F..S#. ..-l*-A=6X6:36in2

n :9 = 
4ook

436
= ll.ll kilOlines/in2
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