dlagio 995 599



https://www.roshd.ir/111244

L«E’J S99 Wisel @ylis
£ ’i 5 ydol B s o slw

e, 99 SRR 9 R O
VIVYEY abvgio pgo 8,90 paojl Lb (V) S0 58
isel sryaaliy 5 gk lojle
5 alaagie 5 ages g slolS il s
(SBLST ooy 1 Lo jaamma Glas Gigs (s yi95 Lo joasme « £z Juls dlilzg, cgoam] dox]
(@b og )8 5 s a0l (slyed slach) sl Lo pde 5 (90 50 (g s s0loew Culan o
() jlwl pg) Ligs oblS dozee
B39l Sl qaigi 5,5 oyl IS ool
(P (S0 daze = (570 pda) (g 6w - (Slr 5 (B p3el pe) (Sl Loy
4 pe (pluy) T35 58 (yleacd; aabls - () lamin § K315 2l)b) dimidol; al>, - (Al 2,b)
S o5y (i S llie,md oliwgy 3T b By Lay o smimo dobld 0ales ¢ S
(‘_gjL»oolJ s5el) 2 el
(S350 9e3) Gys 5 G9! ¥ 8)led ezl - (o jeetil ! GULs w0l
VOAFYEVY DR 1 ey aS AAY 0 AYFF 4 IS5 00 AAAYVVFY A :jals
www.irtextbook.ir s www.chap.sch.ir :ol%4
PV LS - 25 egate 83l WY yieglS - plad splnl (s oS 2555 ol o550
FYOVOIYA i ey oo FFAADIF 0 415500 FFAADIFV O 10als (s,
€Al (ole? Gl (ouyo SSLS S35 9 Sl oS50
Vol pids oly

:obs el
EXUTIReRY

1idlg myd G 32)400 9 o ko
uu.li.: 9 63yl y 00938 bl

L) ‘sjl.meolaT RPNV
:G}Lwaélai 05933 bl

:oboylw Lo
B
ol g3 sl Jo

AYAZAFFoo AT ATAF SLE
ISBN: 378_964.05.-2833.6






390] 632540l 2 9 (B9 lojle 4 Blase CUS () Goime 5 s3Lo B> dulS
stz @iygoa ol 615215 LS 5l eoliuwl 4igS p 5 canl b3 9 i9el )33
o 3 o Jo i el ¢ bl i Lod g jlmo SLrolSuly 5o &)l g (Sonig sl g
021 3 Ha7m0 oS (g (£ g8 9 JSCU 2 Ay 1SS g olnd Ao (L (5510 e

WS (20 )18 (PP 8 Ko e ylalsiie 9 Conl £ gien ol



¥ e S LA
Y S b o 0l 5 Saal YN
O S ol YN
N o e S Gl £
W L, K51 ool S S Glass 0N
N S gl b s 2
Yo S ol 65,51 V=N
Y S il AN
YO. it bl ol 55 (SO L 255420
YA oy Vel
Y o)l o, V=)
Y5 V Joth s odts 5 oy

oo S VY
Y e b 0518 5 S S Cur gl Y
O S Caslin 5 550 Jalge Y
Oo it bl 5 SSINES e (55,0 T
OF S bl 5o oly 0
O et b slie S 5 7Y




b lito g ySI1 W1 g ubrlito

14 P sebliin ks 5 ublin \ Y

Y gmeebliia gl Y

VY L bl gl 55 S e 51a,L533 5 o)l peblite (65,0 Y

VY Ol Jalo o 2 3,15 (gublie 650 T

L SOl 5l ol punblian olue 0 Y

AY slg publiin gl S5, 7Y

AD sl s ;S a5y VY ‘

AY L 23131 puaebline s SN W1y 58 ALY

A Aosbay

A b Sy oY

Y ool ol VY

N oo ¥ et slodins 5 b in

1.0 o g
LIRS SO PV PRV P WS |
N o e e cl.‘u



. //
/'/’/U"/'W}ﬂ; ,u)/r Y 2V4

?

255 )55l Gl b (e ()

J318052 0> 25 p e 5] gy el e bl o QS (ol ot Ol 5 B (6 5500 a3l b 61 ¥ S S
D ey dl g aalo] 53 8 (63 )0 4 a5 Ol Slal G 5 OIS ol gy by b 5550 DLiST sl ol a2 078 5 Ao e

Sy Lo a5 G L 8 ol 5 501G 9 5 08B0k 5 23] s Lo 05yl s £ 580 5 5] s
S e b el o deaan Jl p 50 &8 amlae il il slazel 5 5k o3 G U154 b aes 51l ool 08 0l 03 se
S Ui o3 &M 5 b 5 sb ay o35 g0l il B 5o e Lot (518 oy ol i3855 S, 1 5 5y 8 5 el celize Lo o
Jo03 5 ol s b o3l 5 530 Jalos 512 1l 23 133 ol (S e 3 5nge 1) 053 55 5 Sl s 355 55 01 ST 08
..\Jda;...@qu:)‘yh;il));wd)w,u;)t‘)}L@Sq}@)xg;}dl,&)\x«;}%‘f»k@\) Gl i

Sl 9o pa 38 Cuns s pr SUSa, s 5l 5 5

St s g bl ead ol g5 5l 193 5320 6 S0l SVl 5 e 6 S0k S gt a3 S+ 5ol |5 6 S0
a0 Al b adllae Glagle s (5148wl ol ums ool ds1 50 o8 (608 e bl - 08 (sl 0T cline 5 a3 (5 S0k
81T SN 48 ot 6o | 5 b iy S ol gy s i 93 055y 85 S0 ke 51 JU oo o 3 4 i
gl ool Crbj\uf‘ el o sl 3 GBS )3 b ) g gl g 1 ey Al &L)I(W\}owlef‘ el il e
6‘}.4@“&;&;‘ ! L:.f,\) sl 54 ;‘9 O‘)riuﬁm‘.@;)g (0> BN 53 Jlab ) o> 105 °‘§51‘»\a}}‘]@ L
VY S N P e PRV PN PP R T S PRP I R R S PP E G JYCW T N

s5 3 b i Bl Ll ol 4 vl e Lot oy S15p 508 Q38 53 1) (o0l oo p s 53,1, & (215 oo U
onl S Sailes g Bl e g1, S o bl o iolel sz 1 p3Y Gl plaial) 5555 las 51Ul 1 09331 5 a8 aan
b etd o 1 lae ol sail i IS 51 i 1 OIS STLT a5 0 (S8 e 5 izl slowl 4 )8l tas ploxil | acdlad
1 335 51 ool ol Sl 218 S5 Aellan (51 555 el e cn 811 Bl B 05 0 S (5 S0k 0 o S5 LTS 51
$S o S oS a1y 555 S 00 il & ol sl 5o LT i ki 1 o) 5 s S

Sl B3 slayia G gel 5 isls 6 )8an RS b ey a8y 1428 SIS 151 50 oo i 5 glazesls :@J;JL{
3 g“); SoSer pl 4 Glakas 51 (g kus 035 01 05 dl g O 2 LSth-’li B -*ij}‘T@ﬁzﬁ Sy o S sl s
515 oy a5 s GBS 3 6 Sl 5o S L

ol pilas 5 s o S 5o b 5 g i ups p 85kl 5o o Dl il 30 G g2 oW 3 golsp cwlanly
LT 5o 18 5 (Sojeb plin 51 g9 S0 b a8 o (63 1 Lt & 5 gt o plonil bl 35 gal sl 355 5 S 3 s
w51 ol 5o 15 e ol g 5 g sla oS 01 Loy B glizel 51 (S 51 eS8 i oIS slaadan 516 5o il 3 B S Ty
..\ha)\) (]| CTE5S

13 on 15 o s (o0 &5 s oo 4l ) 53 1 393 (S35 s o8 g3 28 5 gl 51 31 5 S oot 15 S5 28 g0 0
s&h&a&ha\l@p&a\gl;,aj)\s-g)g&l}\jbAy\hr,@&@ﬁbd): ‘gii}é)a-&}\‘_jl;.«.[,'ﬁgja. Iy o ol Ll
0o elas § 15 1 ol aslin 4T S tanlass 15 Opi 1) S Leat 13,05 olarl Canedl bdlians Jo K Ko 6,815 ool Jas o
g O 4 el laCnd e

SMln 551 8 G50l 3 lite sl Sieb (Satlios ciliien 151 o 51 S Jor 15,85 |5 SG5d gl e
..A.:.'Sol.c\f bl.@'\.\ilga\g.\ijbakjdj}adaﬁdhrlf..\wbw:)w\g



Aol 5 4 STy ity () S8 (5l e d > Gasins G+ o o o s i 1)3) 16
Ao G ize bl do o 3l 55 Sl A o ead At Jomoly i 5SS (A8 ] 13,15 5 gy (Slasuilons et
S ols OIob a3y 0,5l (S 6y 8 8l 5 0 CasS nl a8 plaliss — 15 Gl 1 8L 3 e ) (1S G
ol ) ghans G 5 sade 3 (6551 L Al g

sl 5l Ao Jo 1 881 ladoles el S 3158 53 & gl e Gell 2 dlias Jo gy (S5 105 08
d«ﬂj“h—wLjééfm)wﬁj‘éhﬁck&b@py;‘-—\mi:m@‘-cj‘bvﬁh;}gwrﬁ)wﬁ
oSl o3

e 135 dslona SIS e ST 51 a0 sl | s iy Slolns sl ol 35 Jool ) gl ) g pS e
sl s 5 1 e 5 08 o 1y dolan s S 4 Jpgme 5 2 e (51 ke Lo |
AS;,.M\QTJ.»fMJy)&ng&ogjjfw;qL@;&}gl\:...aj,)‘\ud» Z'th-:‘jle‘j)'fr‘)l{frgo
353 318 ASS igal b S o Lt 408 a5 a3l 1) el il S Lo oyl 5 Juol 6 e it 5 S )
s il L vl 0l Jalo B e S bl gl 35151 Lot Jgme ST Smmline b oyl b dons
8 50 S5k -l 03 gy oyl L s Jim i) 355 (6 50 a1 5000 ) 5o bl D O 5l 555 o
S Pl ) Jooly 5 sl L a5

Loz ) o s b (o (0

b DLl g il 5 3l o3 b Bl Ao a5 o o Bl b llan oo o gia 550 50 b sl il il
e o Sl s bl 2l 2 285 bl g 35 Jas sl ol ¢ Ji 5 SE e b Sl g 53 5ok 1 a5
3l 1o bl G 5 gel (5ils 5o Al S5 2 2 8 e e 85>

c_\;},A;Su:)\}f,@ﬁu@\dh&wb\};;qﬁbduw.ﬁoﬁJz.\,),ln}il\‘anAJAaJ}J)awLJj \)‘;'“"’Ld')‘;‘fu'
5,8 S8/ a3 81,1 150 L Al G s elaaml 6o slal s sl o oo Jom g1 1, o

3 S N a 5 a8 i1 a8 Sl Wl sl (S550 568 SCund go s 0l oo 5350 b By s Sylisa ol 250 b

sl 5 b (o] 5 Jlo) S5 ails il J 5 1, e ol S 4 S8l g2 el b5 sy el Soo Lo
S IS Bl ol Jo 5o 1 i e slog sl

81| ke ol 55 Sl 1 gt o) i plbaideil 852 25 e 5160 5 rtne ol lis Sl oslinal L o
S S e ade Ml 5 bz, ) dai b el ) 53 5 s

olalls el sl (S5 50 gl 0,8 5 S elie iy 55 i Slool S50 8 s o LS 4 2 2 35 98] (Glo g
S 5l 5 o o gl - ol s S 53 e (25 5T (S gt el 530 001 3T 1 o g0 1m0l 0] 53 il el gl
S a8 25508 gt S g el s a8 5L 0T ke G615 4 a5 g 05l s dea 81 1 S nlie g 5 S
AN Sl s s i3m0 G100 30 5SS 5 35 & iy ST btam ) 0118 35 g0 S ol g3 Bl o i 5o
Sl 3 I SLab gt 501 5 it 5 5l 218 53 05l il 8 e

e ol a3 QS o il Gl 0 g do 5 sl o s L S g g sdn 5 S o S el s Al o
b ol gl ) leiiol s e & S92 8 e 03531 51 p s ol cul ¥ el o o

db)..@
6‘-“(;“-’.’5‘ s ol &J:a Oledee ‘;.;';)‘}J u"‘k' d\.h&wg\ &l ‘&JJ Sy ZL&J,,.» 51 .\J\.sdn r)'Y ;QJJ e};
d&‘.})-\j}‘;«ujt.&\u‘)d)&sbLALUMJ‘W)u\))JjM)kkég‘)&b}h&ﬁuunb);)ls AAQL:.w\

http: /physics—dept.talif.sch.ir
S M ya 5 ase 3 GLOLS Gl s S50y 5



by slaanin )1 «33153)5 1343 8)0)9) (533) )3 355 (s3MS slgrol sl slaanin
slaghy) @ aassn gyl . iaio g by sle)li) g slras gbl slaiiyS G ais)s
b .Gl lag)la J1 sslaiml p ¢3ias LT 033091558 J (52 aS 3150 Jac ,hliAs
isle)) 30 a5 s9ibig, 0 Bc Ja 013 (SIS BB ) a0 €S b CuiaS31 yuled

. 3115 ST 1) a3 0T 333193¢,.0 ol5ims ¢, Saig)is))



https://www.roshd.ir/111244-1

b4 g5l IS4 1y bl amil 51 S S e¥ i ss b (V21 ) a8 S 25051
Sy 51 (ks cmimad 5 (¥ 2) JS0) e s s e sl b ias o g
31 ol 5 5l 51 ST g sle 6 8, Vb i 5 By by 06 et 515 b G 3l S0
350 )b ot oy ol b Jas 0 S Slaa iyl (S0 Lo Kon obo G b1 gladanss
s oal e ety T L g 51 s landa ST sl ys & 06 8 515 0 ol gk 4
ool 13 g Sl K gt S LS (S gt oo 0133 5 S0 5 olS (sloas 3 4 s 5
oo 438 50y 2SI 36 38515 5 At SN 8315 15 s -l (S (658 K 51 il 28
sl S Sl 4 S Cl

;jtg‘:*“"‘f“J)@"‘)g"zJéd})j.'ij'\‘.?&.‘)'\u“il‘..‘(':‘:sg‘C)l‘.’J)“ L sl sboald 25
‘(’?S@tf“"g;‘ifﬁ\‘sﬁ‘-siojﬁ“’d‘f\)WJ&!\’}’.'J%‘(QJS‘;‘“JL\)J"ng"u

PRI (&lﬂw}ﬁ\)éb%ﬁjg‘oiwgfﬁ)‘-’ﬁu‘é@du)leuu@‘J@oi‘)-’
Skl S8 5165 Ol 4 o sia 31593 e ;S0 Al 65510k o0
S35 NI Ol sl (SUSI L 9o G S S8 5 55 dalss e S50
318t B3 3,08 5 bl i 6 53 b 5 55 (S iy S5 S SU Jomily

TR AR

i g g 9313 Gl SO L e 93 355 Y pane & s 2 AL g sl DS
R S 8 03,5 58 Koy 5 (YY) JS) o g SSI L 1 il 550
by S EEACARSLERTCY S R p-b§ aes by i oyl
o 2 o gl il 5 g 5l a6 e S5 St oS ey SIS ol el
38 5051 e el S bl sl 4 s slacadle S aslizad Ll ly 15 6 Ko
S0 e S8k (6 o el il 3 g2 5 (S slane 1o 4 L g5 50 ol 5 e S o
e oloss s Gl 4 &£ 5500 0

Il 2 g i 3] o 5 1) JSiD

NOWI X 1SS (]

a&’.‘.wb P (oS L;l.brl,'a Ju.;u' Pl Jaib
-5;@0Jﬂ‘,~<ez§3‘0)ﬂﬁ*ew'

o g oy a4 Sk e B IS
o o 5 Wl e (S L sl
it 48 glo 5o i i) 31

+

‘_—_ e
__\__,,_ = ;ﬁ{{/

LJbbaMeblb‘rJué&a}bZL_Agﬁ}(u
oL Lodaasls ille lades oot | o

S g Sl | Kyad oS K35 i)

B L Saadl A g 3, (@

e Jsib

b bl lades B g0 (S, (W)

<3 g g 4y elektron Oy geoa 5 N S g o315 =)



(Ve F AV e) S 3 el
3 o $ citails GolSOLS5 el
4 oy 00 2epl s lasle
ol 51 s LS g 5o 5l Lo
WEE e sum 5 oS53 Gy
Bas 5 o Wil ey S e L 630
on 03 1y s Soy s e OLiiS
3 ey ool 4 AYOY 5 VPV (gla L
ol Ao iy Slabl g ale O g
o oSz olaedils pla Gy ol
s pelul e 5,8 Sl g )
OB A ) e 08 ST
b1 ol ol & Conl i SN O o0
el ¢ 5 5 Bl (DLl J a0l OIS
ol 503 9L S ) o L5 s S
b0 gl 1t S e g0l
2l s S i 2 gale Olaali
ST S35 o 5 samie Sl i
Gl 03 5t S En 53 bt o550
s 7S 53035, b 8 G515 51 (6 sl 5
)K“fof'\g‘}‘k‘“}:)lfwﬂﬁfcf‘)ls@
23 0SS Olge 5 bl el sados
palia 5 (55 ly 0l 5 GalsT pls]
0ol e sl e SLkiS 5 AV 5 (S

o @22 (8 53 g 2 e O

ssboles o)l u§-' L«J\uﬂ" 4 S o oy G i1 i e 99 S b &
bl ol ok 5 5 e SN 033 Ok A 25 iia Bl o sl OIS 5 S
02 JS) 8 5 (L ) s S0

b osh @58y S SN 4 1) Llak e (@
.ﬁlnbwl..ﬂ.in;&:j

0\ Jsib
Mew sl Sz ke S S S 5 e (O) S ST s SN 6l
W b 55 ) cal 315 o it ey & V2 C o 510k w2 5 0] G
Bla AL gl ol e &t ls S5 (0C) S 565 (UC) (S5 Sn 40 51 L L
@\(HC)J}S_yL;JJa)\koJLAdLb)L ¢f.«dl.b_,~la05s§u)&a

K N S 5 st (B

BUNEE RS ATE Y

Jlis 0 B slbad 53 1y ol aeiS 0 132 G B S oy 1) Sl 2S5, s |
il Bl Sl go sl 5o S5 cams

SRS 5 08 ouileS g (Sl Y
Aaa g e el Sl s Glag 5 5 1w b g s A S aw 2 6T S s
oo SIS el alle izl ot 25 s ol s b 1 Tids (alls S b
-«“ﬁ@«ﬁ‘*‘ﬁwe“ew)‘%ﬂ&«:b’;;g;éoee}‘bv\iﬁw 5
b Db 1 Slake ol s 5 cata DL a3INIL Bl Wds 0 SN i L 5515
Wl 6 sty S s (€0l L)
e =\V/FY\VEOY x \ o C R\ /Fo x Vo N C

Jer s By e 80510 aons S ol (600 VWYl 3 08 41 Jae g b s 652801 L 6805150 2
BOMIPE WE PR



&H‘)JL&)L{JJU tﬁ)ﬁﬁﬁ&}‘&)}ﬁ‘d)‘wdw‘bsw.jbrli;b).) M;ﬁ'dﬂ\_\dg)@
duuj}jé\w)‘ﬁgwuu)jﬁ‘a\ﬁ "'\53@‘;‘“-’)"&}}:5‘”6@‘“’.‘)5))5@('5} ‘(&,ﬂ‘ﬁj)uﬂb

g R ol oAl SOSI L 5wl gs ol S5, 5 Loy S aS

Soi ol olg o J<~\§v b olad 3 e 5 03 A oals cuws 51 3] S Ouj <.fr
o o (el s gl & U053 TriO 50 013 5) (s s 015 o "
sesle 53 1 gm 16,15 (6 iy 201 SN il 3lge Jsdr ol 53 (V2 o) 05 o
S ol o lasbe & Joam VL 50k 51 b S e S 515 Ko b ol s Jsor G
5 g g e 355 4 0 5h 51 By ST I U L o g ST 5t e S s wf
ol &l L (Sl Jeol gl s 555 5 pmy Jeol 5 (S S sl o550 0 ]
5 o 5l st el ol T o S 53 (SISl den (6 o gt 2l 0 sl
sl sm s Gals LG o b L a5 0l S s o g Jae S e & o ) ool Sy
ol 03,55 o 1y ool ] gt 05T 6
S e 51 St sl 0l sl a5 55 ol Sl 5330051 1 oo 3 L‘;j;

)'\L;.w).)b.)j..é.dLMZMDML&&@ﬂ\)\QOJ‘wsMQWJJ‘LJ)}TWJQ{)}JQ‘ LJ«S
: Gl € 90k L

o s
g=xmne . n=-\%,.. (\=)) ol St
K
S e 31w b S S ol el il sl (e S 0 st 5 i Jla S oo
& and \Y/E L 5 IS S 5o 5anl il YEI¥ ity b e Jln gy ol G B S a0 :
€l s 2P orlue il g b 7 Jl’ 50 G o g
.MLM\:QJE&)J

Pk J\M\LW‘USW‘ Ol b gols caws (K'& oS oo Loy 05‘;5“)\4 Ol 5 a0 ey 55 Sa) Hs
9w\o»~‘}k¢um)>}bwujjﬁ\m;,.\>‘)LJU.;;\U;“\); .%SJ)\)&J%}‘@\HCJ}A}

Lol VD) sl 5 el

q=ne
-
q VXV 'C q
n=lo YT € o, S
L e \/5exy ot D

V) g9 908
("é‘))\f';\d\bg'))}:ﬁ\usijzﬁ‘)l‘. g yooe S| i rgb;\f;\muﬁbﬁji)h ol Z=AY \’-”;\)‘9‘6“;‘ e
Sl jaia (15) sy il (ST L Sl ke a (15

.,w”l;.;j@&,;JSULa,:‘-u_%l)a\J:.,;uj'l&Sw\f&m;@l)ad,}ah\i@;;l»&_Y s g ol Bt 4 (65l 2N



oS b ¥ =

q 5l g5 g0 a8 0 3,05 2 L1k e 538 (S S 65 8 wila 0 S b olen
Sl 4315 55 ol il plad o 53 (S8 slasl ST adl asils b bl
R Y E F PRUE N AP CAR B N8

SoeSGplas Il gboe Sy 1 g
wlos S pdsajluiled s bl

ot 348 o T sl 0 K005 31 1y Sk 5 3 o5 il
sk s a b ST ams )5 KuSi Sy gty slam sk b osls Gl
%SWQ?U%‘dﬁifopﬁk'&“jgf \)L@_TZ&J\)&)J:A‘MLAM

(WS 39,55),) =), b

g o 85081 5 3500 (St b ol i a1k e 33 0 S 656
Slr G amsl p aiails ‘u/i"/u““ //;//.L.v $5 5 danlows Ol 5 o sldal 4 51,
s 2 S5 s le cuils Glaliad o 5 oole du&bjr\’ﬁ‘\eﬂw
S gLl s g e ol g g1kl el & 1 Lla5k 535 50 o S
3l b Vo) U o g sl S0 56 o o300 o) o talesl s
s g ol |y o35S e
)b ol IS 05
Lﬁ- 6\.«.«\) 9 45 \dlw )L 3 O (QS-'JLW«)JSM) 05\.}5\” szf Z)ul

e thes Sy o K 33 S it il Vot 038 il o Aol o by ol i T S 0 ol b oS o i1 g1 ool
Sl Ko 3 5 So S cin lal 5 K B S

S 5 S o it ) S b5 Loy Sl s 53,03 ) 3 g0 3
m,’.‘.wlg}&‘:»‘dhlbj!gb}gl{d;&.C‘w|b.\.‘.‘:¢.‘.‘5g‘}]

S| ou&dlplc&dﬁ‘ﬁum: Sy 83 gt |q\||q\_|
S0k ol om0 g W0 Ol ) dlee i3 2 )5 S v
‘.\iiwwaqdawdbqo.\wjUu:&ﬁ‘a.uljd,;aﬂ.ui r

bl 1y o8 cal 31l el b o)l 0yl s

(Y-Y)

2 e 33 31K p okl 51 gl S adl ol ol Sesslal e LIk e S dols §1al 13 g e (g lela gl L) lask slaels o gy 5 L i ol o 2
(255 B 5 sy i35 50 & ) e 33 815 008 e T A sl



o 1 0l 33 0t Bl 74(C) ) e s L 50 SV sk g, 5 g, 0] 0 &
Sl ke dlaly ol 53 Sl (N) 05 g8 o L 2 5l (S (60,8 S5 Fs o (m) o
Lozl b b IS bl (Sob, SN
k=AIaAVOOYVAXY <*Nm"/C" =4/-x\ -*N.m"/C’
SIS ﬁ\ 338 o,ls gl Jba g slaal LS cl gy s Ex AN S5
p 058 & L) (Sl p 8 90 cnl a8 5015 g sk L 4 g gl L S el

. . PR PR ST PP ER P PRSI PP (AP
F\YZ—Fr\ﬁEYZE‘ZF

Jl{}éwé;ﬂld}ﬂ(dl N i: r 1 -

col asd)s ol < Py @ @ Fy
.wlwlatruérﬁl T a s
Moo A G (o | r >
A JSh il el (K S D =
% Fr, Fy %
\ A [

0532 3 0o Aol (05550 Wl g1 g Jou Lo (A
r:a/o\rxw‘mgiﬁm 5181 (o 1) JSKG) el 0N e mal s s i
) L"'ﬁv 3 S dloa 5 a8 a0 3,5 05 SN 4 055 8 S S5 8
e wﬁbbkuﬁ}j}b&bﬁ‘:@_ﬁja(u
[bu};jjds&)ﬁZJ‘Ju‘ JU)‘.))‘J.;VA)\ T’:"/fX\ °_\°m
.\."‘swlann‘))..s@))bvhj
’f"i)b)b)L33'))');)‘."éﬂ‘d}ﬂé}jd‘jd}su}’u)‘°‘>L°:““’\L("“H

—\q Y
q. qu‘ —(&/-x\ *N.m" /CY)M
. @/7x)-""'m)

:ﬁ)\acﬁjfgjﬁj\nau;“‘b(g

4 Ay
(/5x) 0y
(Y/£xy o m)"

F=k|q‘”,q'|=k =A/Yx\-*N
r

szwz(%/ox\o“N.m'/C‘)

Y

S0 S8 b & S gr a1l b b il s el andls i
L .;ﬁ@&fd\wdjﬁ‘}ﬂ‘d\@.aﬁwdxb}ébéwl{w\uf,

s r)‘\( slael 1 9 e 3 & =N

(PAYYF VA 8) S i 5T L
el Lo 4 4l 3 55 o) gz 8T 5l
iads o 5 e stte Camlin o8l s
P s ii gl ) e 5 g Ol
s Jas M\'@U 51 o Jl 033150
il udigs iz cbasli 5o o 5t
o S SLE il 5 el 6 )
$Mes WYAD Jl 55 il 4 5L 5
G S by b ols L
2 0m G Sl oysm 53 1) 5 By e
0355 S gl o sl erbslssl
4 8 Gl ol fon il Ol 4 )l
30303l p ) el s Gy S 050
2 055U 5l oal 1y i Sl 25
sitne S el s il o 51, gtz
P mblite Gacks 1 56 e 0
o & ol 55 Syt 42 S il 13
U VY 51 SIS b gl

el oad o il 65, 8

>
2 S 0l |5 (K) S b
Lé;ﬁ\@a)f;«aﬁrhkﬁsdab
P g 3 (€)

\

=< )
e ol s

e =AAOXYYCT/Nm"



A, Sl g3

Sp 9 02 S5 ol 3l ¢ 5 5101 a4 S g0 3,15 55 3 S (558 S 5 0l 2 o 4 plaal il
ool om u-iu-i” Sop }‘jé%)g Ve ssus ) el bl - N 4 0 5l G50 (J‘ 0535 509l
sl (SN (6 51 chads il o ) 8 (g g 8 M3 g0 ot cpl 5 Sl 0

DNA sowlo, el w92

(DNA) b 16 & ool o )50 3 S el
e Sl 2 gens s OLEMBI G 1o Uy iy 5505050525
by el IS 3 55 ol 51l G 5 Lo i) s sl
5(G) 518 (C) ) 550 (A) Qééidurt 4L g5 ol
O30 4 88 Sl (it 93 J5S90 b3 351 5525 (T) (end
5y RSy 4 S 6y 5 Jar g ity 55 ol Comsl 0
35 53 s 3 oalo)l e oS el s IS 5o e e 5>
250 5C G e imda Xyl 150 Jlhs i, 6 b
ol o Wi 4, G
Sb s e gl ) B b S o ce bl
P lcus 3 aas 56 44 Ll ‘mvajlwa)éw).\égusl{.d\.w@%}vaqbw),; S

wals labis Sk galasolasl 333 50 gl 4 S ‘gg‘u&” S wlp
/Q ﬁ)dhbj)}‘éﬁdg@\ &b)ﬁ; J«.‘:‘\j sbj)ﬁj J)\}usij:ﬁ\dﬁﬂ cf,:.wL

Ay

D .A.S@ .))‘} 535 uTj @L@,ﬁ‘b
DKU“— .J.;)\J )‘J.; qo 6\% )L. L,ii.)} )J‘GML{ A.Z.w\.) )\.))Lg 355 TL.\:.ZSupJé

Paguigr ol 15 ol pea b gl L 5 00l (al ) Gl 65

- - - -
Fr =F\+Fy+--+Fn

Oq s e ol bﬁ-’)‘ul-e—z-dyw)\ q bzl =) ng
qnjl-j,gé)!}-\b“'x;;)x_ﬁq_\dﬁﬁ) 333&1.))béw,&”du}ﬂw‘).)ds(ﬁsww)j‘)&LbJLA&QL’S@\).)
ol el R O U PO AT FYR S P

- e
Fr.=Fy.+ Fy.+ Fy.+ F¥.

)\Jsd_\,ﬁ)‘)lg}}a.&\,}}wﬁywd\L’...,)QLUJJ‘J‘\C)L&‘.A;:....:}[,hj.)}a.c\i}l:mb[,h\b)ﬁic\f&hd\»w)j_\

55



A/ -]
5 Comaly Comnn 5oL Aols 5 il 51 5 ol Lo G (655 05505, St asle 1oL 035 4

@ @ O ol SRl Sl sces iudlacal iy e bSice
22l oAl S 68 g el wnils =g big sl 4 oy 535 Sl (0

Ty a0l 4 8 Sl
(i\} B (f) G=+¥/°UC 5 g=—V/°UC «q=+Y/OUC ssla L L s3> 4w
q, f/om ay chm_)qlr Sow ..AS\@MC@U})AU)J&J&UQ‘C}B‘ALSLQMJJ

S a1 g b 0,05 Al (S S

0l 2 Qs @ b b 518 cal s 53 duly s 35l G b & dlls S8 oy fel
rsw‘-«wl’u &S 0505 g b, ‘LS;%J 355 33 Gy 5 G L SICSE A&, oy s, cal bl 15 d 5 g0
ol 8 9l Wl G 5l SO 8

fola Y2 oyl sleslizal L ‘R Ol Tre b 1y G s G sl om Adl 5 1 L L e 5 G o)L o dsls

—& _s
R, _plalle ] _ ey N myey (70X C)(\°/Y x\ <7 C)
R (7 1-m)

=Y/0x\ "N

By = kL8 ]y iy 01207 O/ 7 )
"oy (v/-m)

=9/ox\ "N
el 3l a8 o551y G b G LSS gs 8 s andls aS e ols g sl g LS g

_ P - -
L@w\j‘jl{a\.\.ﬁ\j}-\;ﬁ-\&;ﬂj@d\b&.@.&)é FYY‘)F\Y’ dh}ﬂ‘g}s‘“d‘l‘kﬂ

U T
F1=Fyr+Fyy
F,
® 2 <=0 F
————————————————— -<~—P>F,,
Iy
9 9y Fy,. 9y

sl 5100 ol U 1 a6 851860 eml L
F =F,~F, =#/0x\<"N
)LMJ«#‘)L}&)J ‘)./L')}’LG;\CAM‘ ‘Wd}“w‘)“‘ﬂ)\g’i‘(er)j“j)jd}ﬂq’)-)u‘\'ﬁ;ﬁé’}
d =z -
tola ey 1, 33)}”&)‘-’13&@#)-’@‘)&“‘\3 Lol cute g
- -
Fr=(-510x\"N) i

L




| i IRRY)
~-&);T Candty 1y Gy 5k 505l Gals g8 Y 2N JU-‘ BE

\ 15 M)
e eg sl @f@“}f‘wﬁ ooy JSb Gl 1ol 555 4
: | S e |y gl Sy Cann L 5 0515 alls 05“15‘” S8 S (A
I | 315 oAl S o8 g et il =L Gl 4 gl o o335 STH0
g&----® 9

Vol Jlon,
Cﬂbd“eﬁ‘ﬂ\ﬁuwuj) Ao 3 3yt 55 S5 Gllae H15,L 535 4
Connzty Ly 4l )y 52 15535 50505 Gl (SO S50 - ileat
S e |y 5,5 a1 83181 5005
Sk o s 5 a1y G 5 G sk ow (S G el
tols Y2V sl leslial b el bl o gr 5 g

‘\"ﬁ

qv="F/uCk ¥/em ‘ g =Y/-uC
-5 -5
R\=kM=(<\/ox\o“N.m‘/C*)(\°/ XA O)Tx07 ) prexa N
" (¥/-m)

- - - _
"’}"‘f’d‘ F‘,\:(A/ox\o_YN)i ‘Qﬁ‘jti ~¢~w‘$)}’hﬂc—\f~ﬁ%>~ .)J FY\ ‘°M°3‘JQL‘4"‘~.L"°&“JQQ}‘\{
Pl @5 Qe sl m G 1 v e 4
-5 -5
Foy = k1B g0y o Ny L0 T OO XY TC) gy vy
Ty (¥/-m)’ .
g ;r\:(f/ox\o—‘”N)_f ol bl Y e s g 5o Py el ooy Ol b‘i)‘.w)dfi:fj\a'

bl 2 ok 2 osls SN b ail e
- -

— - -
FT=Fyy+Fey=(Alx\ T N) i+ (5/x) " N) j

I%Id&u)‘g@bsuﬂ)}itﬁé%‘)}‘ OJLM‘LO‘\';)})

R =B R =) TN (L0 TN = ) TN




| A [T RYY)
153 48 0k )5 il 8 g 4 i 0k dle ST Y s
fad wl i & S G, ok 2 2ls dal a8 S S i g L cadle 1o
Sl Oplite ¥ 2V U s oaal o 4 Hlae b0 Al glacand 53 G DL 5 5,5 Al 5,6 55101 Ll (o

S oo P

Sy w015 513 SaS 51 s 1asls 55 8 g5 gy (SISl 50 & s V) i V\F@ .
o | SIS 5 g s G5 Gy SLL o8 3 g0 7 e Gt ol J - 08 0 3,15 S S 4
513 35 oSy 5 45155 g0 8 S e atied b Gl 538 SIS 5o el S0 0slsa 88 Pk s T
oS g 3l 5 g3 0ol glisd 3 ol G L el &8 ) e )y S o 8
Shossl sl 51l yo 1, gk gﬁr-’rﬁ@“‘g q, 5k é.,ﬁl‘owb&m‘oﬁé
03 S sl b T 55 5 4y L8 5,8 o )15 | S S lase b o s 513 g
S )15 58 4 0k g s (S Gl s il g L L Wl L g ogy Ll 1l o it
3o et 23 O30k (S Iyl pmer S GBI gl Sl p s S ol S0l 4 g

Pibi » A+ +

u&fﬁ‘dﬁﬁWﬁp&J@)‘}MQTﬂ | \Oyﬂ)lf*fr}wr (. Coin 5 S 55 b o T
+

=

_ - P ;
Q)}mxwub;)b)br@)\whE Q’S\lj’iﬁ‘u‘..\:.aolsu\ 'p‘lj:SL;‘UL'\:’H)O\j.'))\) ]_-7)'

PO gt B 25 LS il i 1o ) 5
N Jli,-z‘b'-\:*a-i“l-:ﬂ}‘i}-“sg“l’&l
E=

Rl

(Y-\) &S 0355 55 090 ]

20T 85101 68 el 515 S S8 Glann (Y2 ) (S o ln i a4
105k 8n 31 and Vo) IS il g g3l 058 g e pl g 5 B =q£
el bl ol ) 5 Glaen s S 0 3,5 55 P A s il (g3l & b ol
el (NIC) 5 5555 B ) (S0 ol 182 ¥ Al 55 35 g i 5,5
=i Jlis,

S5 55 Sy 3l s el @=HYox Vo™ C S s s ools ol 5051,k
b)\)oi‘ja.&da)\)ou%)éF: #/o X\OioNlJ.j\j‘;)ﬂ;)‘JJl{;l:.‘&)

» PRI
S i 5 03031l o 53 S Gl (S
et <O £5 9 20 5,15 e o el 3 gy LYY\ C L Sl o
-

3 ) e b 5 S il So S SRRV U



bl 21 ¥ ) Aol Sl slizal b (S8 ol S5 (G : ey

-0
E;E;M;y/ox\orN/C

g y/.x\MC

- ~
.w\ﬁ&);o.\do:bgw F Ls)JgLs}uQu);Q\QPc\S
Ir'._[)\.} \‘_\ %\)j\b.}&&n‘lﬂb}lﬂ}.} (5.)
F=qE=0Yx\"C)(Y/-x\:"N/C)=Y¥x\-°N

%
k .Cﬂw\dgd):owwbguﬁ‘L;)JQL;WQL«A):};)JQ&“\%

L S, &3 ) w0, (59 AN, & e, S, ol 93

St b sl 5855 e i Y pans 3 g 515k ol s b cadly o1 515 48 55 g e & O
SL1s 8 5SS o i 5 izl go 53 g i 5555 Slon b -t shin S S ¢SS sloe i
5 a6 St 5 b | 53 35 g0 (slbs i slaas il oS 1o &g ST ale e 5 5o s o6l el
4 a8 rb)gwwéw\&w}@\ (5 38 ga 3ol (Ao o N/C 5 502) 550 (S 5S3 o lowe S i jicpad
S 1 50t ol Sl 51 4L 0 o 4 Ol 5o b 5 4 25 S 51 228 03l (33 5 oS (o 3 w65 oad
Db O3 el el oSan w5 s I3k ol Sl 51 5 6 pue dom 53 5 b 10k el a0l sloo o b e
S Jaza 5 Jlouy 515 0 ol al eaiil ple iy 6 gme (e STt 4 S QLGOI 38 S5 L
03816 5y oy 1 030 & Sl 3B S e 038 5005 5 ey o al 5 s -0 e il il

NS 6 S gl 5l 555 5168 b 28 (g1a5101 4 5 g e

195553 3 3 Jolo (o5 51 shiwo )

Qe L DAL T ALl e S AE 51, gL Lgless 5l b (SSI ol walss 0
g A sk B s o oslinad ¥ 1) Aal 5l dslons ) 51 - dpmbons (V) Y JS0) 5,15

. . " s Z . . - n Z - £y w
kai&:zyfn?fxf 6)J:Jus)}..‘oj}§o)§b)'\u\.ﬁu\lg..\;s‘;cé)bF Somolagubo,s 1Ak g
N e LASX/ BIESLENY 2 .z -

T i o1, b S gl S5 B= Flg s 5 6,16l b s oS g toloa |, F

Iﬁ)}‘@wJQA

F:k|Q|an i g
r q. .
P o
lq|
E=kF= (Y-\)

T
S o g L L L5133 5 ol (S8 glage S 5 i3 slaJule ¥\ B
2sboked 15515535l o o1 51 lols o b 5 s o+ 535181 L s sl ) b
3 5ol S e e A i 3 B S S glae s g mhd b S
S Al s o 5 o oo

N



A0 M8 [ 3
535215 SO oS e gl 3T oskizal L ol s 'S5 5 0
e plad b sl § il gr pl SONS S (55 a8 o g S35 Jlb 5 S S
Ao S S ol dea 153 -Jﬁg;‘@-?-ddﬁ) V/olC (S5 4 ok 5 ol
Shffem s ¥/em Yom N om glaalols o 1y 5L el (SS31 lose (S5 cal axdls
3 olh a5 1 (S S loten S35 15 905 4 2belals b e 5 5] S 4555
28 )0 S 5 o

Iﬂ))‘@“.}ﬂ#.})}ddb%})\)o‘v\«y;)}f_\ %\)}\b)&aﬂ‘lﬂiéﬂb

psld
r
-
By =@/oxyatNm /e eXte O gy mnyc
(1/ em)
-
EY:(ﬂ/ox\o*N.m‘/C‘)M:v/mxxo"N/C:v/vx\o*N/C
(v/o.m)¥
—
By =@loxre'Nm /e Oy orgc
(v /om)
-
Ef:(ﬂ/oxxo“N.m‘/C‘)Mm/amsxxo“N/Czo/afxxo‘”N/C
(f/em)"
E (NIC)
4oyt ))433))\.\_,.«5).2\.4‘rij)\J}A@lﬁdb\wmw
Mex\o¥] v M‘}‘}
V/exy oY ] -
/exyoT ] Jg'“’ ”b)‘hu‘jw 7\ Jl&d@b&ﬂ&)ﬁl‘wd‘j
- Seo5 1Akl o (S pet 5o i JSa ol 530S ar s
¥/oxye" ] P ~
vexr ot | S0l Age S SO 51 eo ldols 5o s N 5
Y/t jg&)j@w%%ﬁ@o%ugjkuuw‘w;)\f
V/ox\ e ]
| vy o gt dad S J s ol s saeiS SN Coanw &
N/ Y/ Y/ A7

Ay SN S ol o (sl 00 S Sl i
o Aad Sl o & 0,00 Sz s ok S0l
2 S gt S o 53 a8 o 055 G b | K05
Olae U cov & cul a § 515 S 51 6,50 dhols

28 1A S e S S

\— Van de Graaff generator

\Y



| 45 VBT

e BN ML 1 s G575 51 00 A AL 4l s 53 0) 550 ol S e G

S s daold ) 0 |y i (9 p 5 5] il S SIN lae 83101 ()

SIS 5500 A s 5l Jeol S Gl uf))e bl (SS olas (S5 kied (55 5 5 s 1abold a s (0
Sl O SN S 0 51V om Aol o iy Jlie

53015,b535 w51 el el (S0 o b st (S A g lass ) 5
) e 5355 G e 01 53 15033 51 il SSU e G b L 51 glebas
=J§¢Ae-;<:-\§¢\ed)'->j ST LA

E=E\+Ex+... 0-))

\@ o oS ol o oo ol 1y A i s Lalls (SSI glae VY2 S S

q@l qr lix)‘))‘}l;ﬁﬂ‘)é)) tué))éﬁj\dba‘wwﬁ{)édsmf&w)j ‘)&LﬁJLA
N S
Al B S8 olae 101050 A
BL Er} Evtz\duol-&" 6J‘>Jf C"
Y., Jior
S gl 55101 L s lodat ot SaS 31 A om Aols o g=—5/2uC 5¢,=¥/>uC b,k bs33 53¢ JSut 3las
D O—>x sl sy 2o 1, el
g, ax ‘533)3 J«abk:'-.hw))é (gﬂ.”

Sy DL 5IVEM 5 gy L 5T e m Aol 4 o33 55 Jeol s Jas (55, leai s (0
) b 33 de g 3 ool Gl oS ol [ Ko S 51 ool e 1035 53 516 p ol s el

g bl g gl 5o oyl

E\ L)JJ&‘)AM})‘)U}O)‘{)L;\J&)J(J‘
@ O—>x - B
\:;J\ E T a Lol b @a ol g ok s 513635 55 Juols Jas

%
%
e (X om0 Cucte (G gmw 3) Gy b S & 5 S pp A B 5 By

- -
sl By By sglaw &l A dkd s alls (lu
- - - —

_)
Ea=FE\+FEy =E\ i+E‘. i

.;ﬂf\u\_}&lﬁ.ﬁ)‘)\gj}a.\il.g}n}ggkfa\w);&tjﬂc)l&‘.\;:‘...:3rb_,_.),«.cli)\;«b[,.hhglwég_\hdl»w)j_\

\Y



|‘1~|
:
i

:P{)}T@Cﬂw.}@ f_\ ZL{\)}‘AJL&J*«‘Q\) E‘,}E\jéu’a

-$
E,=k—=(‘\/°><\o“N.m'/CY)(HX—\Yc)zYIYOX\fN/CzY/Y‘x\oVN/C
(¥/-m)
-5
G120 C) v jryaxy TNIC=T/$x) TN/ C
(¥/-m)

E, =k@= (a/-x\-*N.m"/C")

Ty

el Rl

— — - -
En=(/txvoe"N/C)i+(¥/¥x\o"N/C)i=(a/vx1o"N/C)i
3-&1@ SRS o&;ﬁ\dba\wﬁdm@» VB AE 5, b0 Sossheo

i
E. :k|q_‘
T‘TY

=(a/-xV-*N.m"/C")

=(@/exVo"Nm¥/C")

g g,
: ® >
a, Ay
ﬁ _> & -
L i Cwl By 5 By slglaw aul, Baes s Lalls olaws
—E\i+Ei

byl By s B OI)-"\g

(f/-x) " C)
(A -m)"

(51ox1o77C)
(vsm)”

=0/$YOX\-"N/C=0/8x)V-"N/C

=Y/1oax\o'N/C=Y/\x\o"'N/C

‘Cx‘jb.

- - - —
Eg=(=0/8x)"N/C)i+(Y/\x\"N/C)i =(-*/6x\-"N/C) i

O+Ye

-Yecs
i i

sobSis gk uf)}.L.°35)->(.:T)>5W‘g§%ﬂ‘db)@)‘g@\jﬁfﬁ‘g¥3ﬁ
s 51 g g i i 53 gm0 85 6y g 5, 0 31 2l 3 llsus e
R [P REIW PRW-PEEU WS PE VPR PRNW O VY Ko R FA I
5t sk 05 g0 il 5 a5 diS 0355 Gt 5 0500 il 90 glag s S
i Juoy b glain & 148 5 )1 5 14 5 oy St e s S gty e L o 5>
J 8l 025l SN o Lyl 10508 ) 50 4 05000 ol S
S o Jate pa | 055,00 Lgufgljlféwhdb_;l@);@; (+Ye) cue L
il i S S 5 s il 2l 518 5] 51500 i () i
26k Cmnl il g 5 2 )l (SN Glos 155 5 i (S Gl g
315 (S A ol s (Ol 50 pn 45L) ad sl 0 30 (S S s, o

\Y



B g0
)‘)L})l\aﬁbg?)éé&)@gu ‘)(éﬂ“ﬁu}))rLabJ"&}b)Lblpbéjgj‘)L}J)\wb’l.‘jﬁ)‘)ssu
sl Cwss M 5 O sladais s L oale (S8 ol il #oem o

q,=—Y/°nC q. =

e e

Y/eCm i Y/oCcm Y¥/oCcm

Sl 1) 226 slaes > lask dls SO 1o s 25 25 Siaansl

31999.43, 1S3 90,5 Lo, ¢y, 9! g 19,99 (919,65 9,9, I w0,

o A Ll g8 o5 1y Gl 0ls o8
Sl o) I sl s oyt oozl oS
by sl 1) slgde s VAYY e 5o L1y 00l
Sl g oy Hshi a8 sl Glaesd o (S
Sop ke oS syl Olabe 5 SloTe b b i
ol (S o a5 e (SN S 5 s 0005
b St 51 ok 0l dloss 0l S35 el
Db 25 1l 65 Sl sl S Ho A 3|

1y e S a5l Al g<““-"j o 50 240,00 l‘-j"‘e Py ol g 2l S gl 5L
Sl o i s il 335 B S 15l Lt s 5 5l Sl
Ll il Cion Gl 3 0y 53 4 -8 o 0 1SS s pedane 5 Sa) 1S s 53 3 5 9o (5o hai 0
25l &g o 2 L Sl Sl 5 g slast o sl 5 ) [ Eate

\— Van der Waals

\0



A=) Sl

y(m) Olden s o QLS XY dnio 55 1, 4,54, sl )b 53 5505, S
vl A (g=,=0/¢ PC). 58 ess (Satiun 1) O 2 55 1, L)l S S0
of - or‘/lgw/% X))l e el 53 Bl 83151 e el 0L 55 0 2 b gl Al
-5
PR RN T CTE A ERES NIRRT
7 (v /-m)"
— v - - v -
y(m) Ey=(—=0/exVe'N/C)i 4 Evx=(-0/x\o' N/C) j
£ bl 3l el SO olas 4 o
¢ q - o >
Y E=F\+FEv
hxd ° — - e
0\ 0 g, X(m)E:(—a/ox\o“N/C)i+(—a/o><\o*N/C)j
L Uk Do s i oAl (S glase 55000 sl 51
B vE E=\(=3/+x1a"N/C)" +(=0/ex1s"N/C)"

=V/¥x\-"N/C=V/\x\-"N/C

0 YY)
S e A B 5 1y ALY e b Gl 5 el pale S S0 ¢l

59 5SH s Lol F

LT o slonl (S S0 Glase s 5 gl 5L o (S S0 sl ok el 51 e

MRl 508 s i b St 510,L 855 S el BB o ) (S lase s sl 55 oo
oS @l sls ol quon gl 1) iy 6Men w2355 003 &la o b et 0l
4 p g SOligr ol Sl IL plual GBI sl )3 (Sl Glase 038 s

(’3“5@ salazul é}&“ ‘_’\.A._a .L}L:-
()553,55), Y. =) el la,
L @\A ool sl ‘pg e b S b sladd G b K 00

5 gl 55 S0 55 o1 Jols 5 dipp o/0em s Gos 4 S S o5,
Ay aile VL 35Uy Al g0 G i 5 e s ALL & e b 15 sy ST s
S L )y oS Sl il chw 3y w8 Jeo d\}fﬁd‘)
33,83 55 o sliad o kils (g S caan d 5 581 A iy, |y Al e asiily

\§



2 S plas 101 Jak
bjwl&ﬁw‘dﬂé}m)
bJ.@@ u‘ thdl.u
o) b s I ]

bohs A bi G L) 16 J5ib
B ikt Gl bl 5 58] e olase
i 3 olase S5t eon) Al ol

Sl Bk ) miw A

\V

St b g5 4 A s 513 e b Sl 1a)L550 4 (S5 55 1, o3l LSS S
;&:}%JJE)(J\_\Y’_\JQJ) 033 3 Gt 590 S 0 Q}aﬂ)hbo)\}d%}:ﬁl

5yl (0 LV Y2) JSt) o o
Ty \ :
X VoL ’ 5
" \ f 4 ” A N * / (é'rg‘d}ﬂ
i ~“\/@”’
el T
e SIS e W
S s .'// | \\\% - / .
’ ‘ . v »" } \ \\
i ) v ! : |

4 |
oSl a3 s;s&ijnyuug;mowul

W) Jsb

AVED S el i o 5o (SSU plase 1 b g od vl p 50 ol s

SN

=

G &y (S A 0l byl (0

C«w‘ —QJlelg 535

3 S A e o shas (]

o) +q_)|b_)l.g ;33_}‘ OMd ) 9

e 1 Jaib

el 039 35 2SN 55 e sliad 5o S

)oj&i;of)\d)xsu&}:ﬁ\glybjwb&Léﬂ\g\.\g,\v‘ i p 55\

.(\O_\Ji.i) il Cge olea

ol 4l ol 53 gl 33180 5ol L 5l asb o 50 glase bgdas (S5 o)l Y
(VF2) JSW) el s plase 3311 el oS e lose b glas L



xﬁ@ﬁi’-&*du)lﬂe)@ﬁ%du)b‘é}ﬁ'c;'-&“L#“)b}‘@%‘)‘)é—r
i Wab a5 51 g (V=) ) S i ol 1y S 5 il oles B shasn ¥
3,38 o S Gl b S

o L ) glase Dobs 1Vl Jak

P s disign o35 ia S 4 5 g s

S g ol ) Sy
bk g gl 1AL Jb e

(AN (o8 5 S ) 2 e

[AY e

i g el | R 5l (SN las bsha | et i

oy S L el 5 a8 g Y20 Qelwb.’\w‘b)b-’;‘:“b&éfgb‘-‘#

2 o sl 5 bls S ay o)l 5 S Qi)gil-‘.’ Solsn 8 b 3o b 1) (gleai
L VALY S o & S el | SSU lase Bshes 51 > b oS a5 55 S
i (Olnio Sad 5l 50 5 dmho 55w sliab 53 Ol ) sk Ll sad ol

4 ol Sz 503l dbo 53 o b rLJ 20l )l bl 5 (65l
.(Yo_\ﬁ)aﬁ@d“\}&éfﬁ\o\w‘d‘\.\:.am.;:. 5 " ;

sl 5 S Blan e KA Sy ool S gp I

ol 3sms Js ima S eolizal eta a3l DL 51 LIL s S (SO Gl 8

g B (S S ol 53 0SS SVl by el 65Tl 51 s s

i), 5l F RZTRE- W ERIPRp F S50l ol cnl 2,8 1,3 6 Ko 5k placr|

: '\?“\'g‘ A Ji)

- -

F=qF (F=V)

+ 4+

- o

++ +

9 o 315 plase byks ) b be ) Y3
plonl thl)ﬁlphdl#)lglidJ",n bl dndo

\A



1 Y]

C}B tAL;LbM)J ‘)_Q)le
o o158 8 (S Sl ol S
SN G5 g 5 a8 518 554,
S s 1y i b epl 505l

A NN Y

4 Bes 8l iy o (1o 555 4 B 51 o Jed 5
Jize Sos 4 555550 55585 4 S S35l S plas daly
S G o) ol 3 gt

Y =) o g0

g;)}‘ .m.agwj\}‘;u_jﬁ\o\w&)g\)(_,T)(,:;S@.slqunl—‘roonC‘,&n}:SJ\)L‘\o/ogrﬁ@éﬁgl{dﬁud”
S oy i CSS0L 4 3,15 (st 6 51 S el ey Blan SSob oS ) g0 3 |y (SN Gl pl g 5

F = icadled
ke 5553 (ESP) Sslaery ;SN 5450 a5
oSy 5 5 bl IS 28505 51 &8 15 sb38 5
A 151 Bodinoe gy 25l o 1o alg VY
G o0 peey LI bl 5590 55 )1
N PPN P S IPING (R

B g0 O [iS550 S5 il sl ‘;;}ﬂ

\— Electrostatic Precipitator

4



(53 7SI Janiy 5551 V.

sbiogs gl so+g bl 58 —‘-z;:ieﬁ)é Y2 g (S 1a,k 535 s
140 ) Jeols (S S gl 511 G0k wsls o -l sai bay o] G bl glab s+,
s5 A5 8 i 555108551 (Sl 55U G -3 st 5351 1 5 0l o
i 3] il o553 ol S sl S 51 it 6550l Lot Iy il obel 5 g 5 3 93 4
Gl iy VYN S 535 35 o S S 6 4 8 el sl 63,51 (L2018 L] )
STl o S Jemiliy 65,51 01 4 s w0 o S S 13 88 sbislan
A0 Y2\ S s 1) (258 (S8 Olise ol s 6351 51 (S sheo5 4
el o 13 1)k dombes 55 Oloe sliad 5o S pﬁ;:fg‘

L) SO gl sl o 10 by St dombos Sl 511+ (S S L S
s S35 5 SN g 5 S o ES k5 0 i B B b (515 51 gyt
ALl mas aas Jle 058 S 3 & Gl (e dend iCardy ] -l o G211 G
5035 S o bk o) e 25 By L1 51 mp 2 4 g (5 &S 3 S sl
izt (YY) S a5 i 1§ il 351 288 1 5 0] gt (635
(W, = =AU cl 231 5 Jeilsy 6351 et a1 i1 £ 558 S 6 oy

C 158G (S lasn 53 515,555 S 1))y (S S 65 58 1 8 5l 5 g0 s ] 5
it ol et 53 S Jensls (6371 ot gl paein gl S s

W, =-AU, (v=V)

Gl 558 515 0l ol 5 o iy ook 0l 584 S sl S 51 el gl S
18 S Ola p sl 58 S

Slise $3lpn 1y d plortln S 0,80 53 B s (oS0 ol 3 1, s1e3 )
B sl S 1 w53 58 IS Gl 3 (YY) JS2) st g plonil o S5 S0
i st s a5 d plaale s Fe o S0 60

W, =(F, cos0)d= F; dcosO
Pt 2 o pok dl) ol il Fg =[g| B 8ol 4 a2 5L
W =|q| EdcosO
o gt g debone i 181033 b (SR il (6551 i V) Al 5leolizal b o 551

AU, =-W.=—-|q| E dcosb (A=Y)

AN ;L{\)}\b)u:.w‘).) sgwd‘)é) .C;.w‘ E&L?QL"')FZ&)J?;C}‘&%JU Oto‘\-)éé
w2l 55 e S AS Gl o gee by (SSI Gl b lialp sl ol als LG,

03 gy sl a53 PL ) Jai
Qb s S ol

o) 0 Lh) +q,

E
- ®
‘*} -
Fe= qF
N
d
Y
!

Oldes 53 +q 13,4 355 PP ) sk
5 e by cal S S
2353 o (e g3 2 goNe
i 1S a8 5N) 250

(o) 0

— &)
Tl
]
3
«l

e K S EW P T I L)
NN 0500 By oea s C3 55
Dy 0333 ol i 655) 2



o1 (B) (S 831 gl 5552 4(C) ) a1 (0) (S SN el el 5o (il
(AU S S il (65,31 s 5 (M) 0 o 5 (@) ool 53151 (N/C) S 005599
51533 0k 81k 5 St 51533 0 5k )y ) 8 S s -l (1) g e
ol Hl 5, e
/S -
(Fe) S8 0 ol B) S0,80 gl g 5 o Ll 13 b s bt 55 o S 51 S o
8 08 i ()55 bl o
oAl Cl 4l Gl (U) (S S il (6551 (00 e b ol Cota (W) (S S35, (A

-‘l- T + + + £ £ £ + + £ = B F ¥ e e ¥ + +
I L [ ‘
E E 11 E E
; > +
A ! A R
d| EI N '
f | di d!
- 1 ! 1
3 \4 ! Y
~ - ® D
e
(&) (©) () (A

Q) Sl

, )\d}:)j E=Y/ox\ OVN/CQ}‘}&‘éﬂ‘u\M&)J
i A;vw‘bMijéﬁﬁ‘u\@g}Pd%}bﬁoﬁn&JwLAm

<~V eem—

FE‘;‘%—J’:B \/9X\°_\\Cuj}j)\aJyddﬂBM)eru‘ﬂuj)j
el VBV X\ o-‘ngon,
— Sl i ot 2l 53059 2 (S il (65 51 ot (]
(39 b i | Canslin 5 0555 055 51) S N 15 0550 QU i (&

Pl ALY s g 4 5 ()
AU p=-Wy=~|q|Bdcos@=—(/5x\-"""C)(Y/>x) =T N/C)() ox) >~ "m)(cos) A=) =¥/¥x\ o]
Pl s Ol S i 8551 8 i G (o

Wp=AK=—AU, =%m(°—’”3)

Y/ YX) o‘WJ:%(\/Wx\ Vkg) (o) = v, =V /48X Pm/s=Y/ox\°m/s

A=) o903

b b o S by oS Al ST A S 55 1) 055, 5 058 250 5L skl gl ST J s
Sowy oo B dla 4 gl o5

\A



S S Janiliy A
%fJJ\Jﬁ%GTo&)ﬁ\)\e‘w‘-’)legiﬂsiuitfﬁ‘wl%d}j\mﬁ@-\iéJ:-QJ@.)J
S5 et Commad 0l s o 90 o )y 90 38 oh&;ﬁ\ Jowsly 551 i 0033 5L g )90 L
S S il 3 s 8 ol S U 55U81 55 i 35 e ol
taps g Gl AV ol 5 (YF2) JKa) canl s s sl Q:\onjsﬁﬂfdd\wy

R _
R _

M) B 83
‘| B> Sl

L
Qb Jeily (55) S S P JSD -
ol SO L5180 5 g 5] e ) |

E

av =y —y =2l

a.gY,\db&&)ag)])\)jﬁéw\u&j:ﬁ\wkﬂ@r}u}.odlo;jg:*é Vol &
W/C) 5 52 s e (AV) (SSU Jonsly SVl (ol o vl Vo Vi 5
s g il Vsl by aiab o &y il ] o 4 1 o &

SO sbglase sl b qwo S ol Cal oS SS gl sl 1 dlaly ol 4:.)?
Dot 33 a8 8 5 5o al qeadle daly nl 53 aS am g Sl 13 55 Ca 1S
s o ol 1 Jglae (b3l p) b Jeusly SOsT 51 5, YN

2 oS A ity (551815 5 58 i) 5o il el 3,51 b s
o s a1 ol 3555 S oy (5351 0558
Do 0l ) daly b ol 51 s S S

Vv=2£ (YeV)

(A-V)

Jslaze bW, 5l (B0 Y= Jsie
FolomV 0305 Sl Joils
Pt

\WWv Jee sl s 5

\/OV

Werl VoV oy 5l oy 50 S5
Yo ¥EoV bl kel oyl 0 Sls g,
YfoooV G085, A g

AR RIA Y YU 5 6 Jas! b ghas
Voh Vo'V u:.s)ﬂ

(VRO _NAYY) W, 5 0l

s .MT L:JJ & uLI.L‘ Brl L’-’JJ JJ-\JL«J!
ﬂ\mwéwt)wﬂd))@b&i&
éjb sty 20 e ol aalsl )\5 CJ‘ll 4
iy ol 53 s fy Kb skl 4
jnl.: B shlfwubj omoN g oyde Cuils
@K:M.u;&w)»"ali&b)a@j)..\f
e e PR & BT TN P
Wy sl s Meny S sl 1 oSaus
ok Sz ol g8 oBas ! 3l aslizal L
S1HE 2 WYY e s 05 LS |
nlfuiﬁ‘.) 6)}]}1‘,_& E) wl—&.«;m«{) sl
SIS s oS £ e Sy
2l s 88 K g palBalsl s
Sl 4 ad g 5 0b )15 sl gl
ol il L4l i sl sl s
o, il Vb e 5y Lo e
e 53500 0 Rkl G dodle S Uy
e SN 2l 55 L ale Lols)
Ll o 3 pm st o sle ot 5o & Cudlty
el Lt s agie 106 Gd-, W,
Sl 53 5 o 5l 0t 5 i S
;bcybjd\ﬁ__z)lvg‘_;;)@ \Aoué)tq
)H.'J)J:a .J}J&:.&b&u}&:ﬁg}f\g
S a ael Gl o Ol olas
ol sdd Ceys S35 5 Sy S Jlone
J,:;u,ﬂ YTV h)ﬁ?r’bd}) ] "y
S b sl 5 i S s S
U}t\}&\.)ﬂf‘j&)\}b)u&'))r&b.
wu:.ng)J}.;‘;f[.LCCJriﬁ)abd\a)U;b
ol Sae o ail g glaadsls Wy e 5l
05 5 S| paie g3 4 ) ol P2
S 4

Yy



ARSI S| Y.
b s se cnl 51 gloos S e s s b SleS slag, 2,05 s )
2 4 5 gz 5 \0N/C L;)}eglﬂ. A Gl ‘or‘}ck-wusﬁf 03 g gh oS
! Vb 4 5, 00 om glawe nl 81 Cod gys S el 51 S ST (A o155 m s b
f» A Janily S| (0 548 o i s 1 (S0 S Joile (6351 0355 Ll
= Sl k> s sl (g o 05, S &S (labas 5o

ml
S

m

:f'i)"(:’}fﬁ\éfﬁ\dﬁ“‘sbidjj‘ﬂ‘ad‘j/\—\ ol 5leslazal b (LA cwb
AUp=-Wy=-|g|EdcosO = —(\/#x\ " C)(\ON/C)(®° om)cos>

=—\/Yox\o\TJ
:r,;_)\a Sl SMesl 6 AN Al 5l eslinal L (0

AU =V Yex\Va')

=27 \_chv/aox\o*vzva/okv
q — oX ) o

AV =

=) 3903

S Joniliy g 544 55 3 0l B gl (6 g 53 8 o b o 5S4 (S S sl Sy b ot ()
b Gl (S il b g5 4 a5 0k ol Bshs S G > S8 b WSl 5 a0 0

S g0 i (S 7S ol s Db 3 g g 53 ES o b 5 (S S0 Glaan 3 s ol 0

oolized L 51l jan il i S Lo i | il S SU slodbonss s3 S s g 151 Lot
pIREHE sole g3ty b il Ll @WT 5095 AL L 5 (YO JSKd) 50 oo
AL 53 b e b Y F o sl (5L 5 s VY Y gane (65l g S50 55 55
A Jemiley B o5 4 Ly o g g o0l L e b 6 Koo 5 Cata b S8 550
b1 it LG ol SVl itn SLL ol slgtn o BLL Jonsily b1 650 o 5
tols o oL VU 1) et BLL Jonilyy 5 VL

AV=V, -V
Sy VY 85104 e BLL Jedle im Sl S5 VY 5505 5k S o 55 0l
ol 08 523 =PV 115 1 i B Jeils 5130t s o e 5L ol 51
Oy g0l 33108 5 Jai s Jonilh g o |y it AU 015 gn - at bl AV 1 e BLL
S4B b ey Jomils (G2 okt 23 2 523 2) Y gana 335 o FVYV Ly B ol
1 R sl ol 3 i S o on5 A T Mol s T4 55,8 o s 51 15 5151
s o ol sl b S S 6oyl s |y ey 2 it o 0] 4y o

Sl a b0 Jsib
J sl g6 5L

\Al



Vo)) (5203
S an i oy i 0l ite LY il 0 55 Joilly g ) (A5 VY 5L S e 3L S

1)t Jbo__
53 od 0313 oltd (69509 5L gall (S SY sl M

m 4 i BLL 51 IS =000 S L ST e VYRV, S

S o e i o (S il (65 51 00 58 Ll 65k e BLL
{ols 0 Tl 5 oalizal L s el

AU
q
AU=gAV=q(V,=V)=(=0/-C)+\Y/e V) = Fo- ]

o asl als Foo Ta5lala b ol (SO Jaily 63550 eonl

AV =

O =dicudlsd,

S el 5 S (sl Ll s Jos
SLola s 2 S oas b S ol
5 &S o il 1 b S ol G (S,
las!slazel s S S sl I &) gt SleNb |
(ol o p ol B L sipi e Jie o SUS
b JSms ] -6 g0 M5 53L5 (SoS sla JUSms
prese gmas Sasl 5o Gty SIS Jols
& 5 el gy 5 8 (S8 1)l ks g5 4
S Sl E S

s ral> ZJ‘\.\;\,C};)\JLMb&fﬁ\g\@}\&.&péﬂ\&@@d%\@f
el Jooly das &0 K& 51 d Aol 4 dais 55 GAV Jouily G (o ool i o e

el )15 s vl B Sy S0 gl b il
AV]= Ed (V=)

ol Gl s d 5 (S S 0558 ey By s AV ) o
AN/C=\Vm: Cis g ol g o

vf



W=t Jbo

235 (CRT) gl — gy canY o mskd b Sislai 5 by 6y yo oY
WSS Gl o) Ao 9 e e S (SO la 5o b Y gl o
VYXY o~ Al s Wdoias S1 i8S o 5, 51 Sl bk 5 i e i
S laan 8 3y iy Y/0xY TV Ll il 3|5 azily SSs 5|
S et | Baio

onsls W) B 5l aslizal U s el

;
P |AVI_Y/oxy TV

= ——=Y/-Ax)"VIm=Y/\MV/m
L d \/YX\° m

Bl placz 39 550 3531 3 @235 4

0 5348 03 g 0315 g 40 LN 65 STl Ji oK 53 1 gl
s ey Jlgen cnl o o3l ol b 23ea VAYF s 550016 ISl S35 zos

5113 bl b AL 5558 a0 500 15638 o b bl i B s 03,6 il
S15656 68 Sl Sl s b ) ol i s Gl Slis o1 255 655 5
b1 s oSt (VP 2\ JS) WS 2 S5 3y e 5 L1k Sl ool Gl )
S8 o3 B0l (0P N JS) bt o 1 585 0 o 5 a3 58 okl B
aly ol bl o 008 B 5o (e VP NS wols g e s L
JS) 3555 50 OIS O Sy AN i 5 gl g0 oblian 00 0 S0 5 0 S5 ST S DS
S i & 5 g o oablin (S S5 0 Sy S 4 15 G b ST e (O 1P )
S 4 sdoals JLol b & S o w51, e dedls 510 Sy S
RSN Y] ol o a5, bl

(@) ©) () ])

23,6 pialej) 51 g psmad (2 PO JSiD

\— Cathode — Ray Tube

Yo



515 50 S Gl o 5 5 oo @)}36“3}?‘% ble) 2ol e o Db sl cl 0 >

53 Mol iy ed 51 6 LT T e ngle 0 S Wl sy 350 o e,

S5l 8 515 61k A s (S8 plase 5o glis bl e YVZY S

o e 555 Sosb b o e L8 (20 S A Gl K s 1) e bl S

s By G900 Ly ol ol il 0 51 (g (S ST Glase o (5 508 0 W) 5 g0 035
3 5 o Bl 1950 Gl (S Glas i 5 o 5 48

G oS i Ik s o S Ko PV Jaib
slag) cape il w515 Al B gy, o Qs
a8 G b g o e Cue W) gL

Fimlicdled,

S dinp G H )5 el S S35 1) b S5 (A
Gewd (s )8 503151 5 50 3 el sl )6 i 51 o 5
S I K 4

b Jen gl Jols 5o & gt Vpenn |2 S G (0
B P W SO O I R O DO Y

S a8 1l b1y K g iulasl s 05 8 slael L (0
3,8 013 0l o o (535 bl st oals Ll ans ol

b aalys Sal gl s e &y b, 20> CL'“’LQ)) S AL S o
ji)u“iL‘)‘ .)}mk;a@)}:u\@)B&d})&ﬁhh)&hawoa\ééfﬁ\
bl o S el st a3l s YALY S8 o o Sl & 0, & i 5 1
15k G185 ls W g SIS Sl b 1 0l 5 s 13 Gle & 65, 15 JS S50
5315 ale So5 o Uit bl Jeate e latus 4 S 1, o6 <148 0
035 3 o o GRSl omer s ol 0 Sy S0 b 1 A5
o ot b basio Ol sl 5 i S 5w S o b oSy Sl sbamio G 5l 55 Koo calel ol VAL S
Sk bl e Y 3 ckw S

Y¢




3115 bl i 35 Bl 3 b (15 a3 o 0lts s 51 ol l ol o
(YA S ol iy o] s Bl

L
e 530 BB s b o515 b i -|§|-
) iy 133k bl e S /+/+
/4 JYOW | FY)
[ %5, i a2 T | s ¢ -
Ao bolazibo & S T a8 gy 5 5 18 3o ozl sl 555 5,50 0
- - -JJ.)\JL;G&‘)LJ)JUA});)."-\;;}H)
[ N
mm| "
Il B
ot 4 Jlas | s |
e

pry=A—l A A A

e Sl ol b ol iy (S0 S olob bl sl 5SS 5 sbcund jomas & ) sboles

JSKa) cal g8 (S lose st 53 5 5810 W8S 5 Bl s (S e b las S 5 ol ] g e Y
45455 15 S350 5115 By SN 55 o ok e 03 518 o 1ok S35 lass a3 51 ()
a5 S5 4 53 53 gk o0 b 5 go ) Sl 5 g Ko 51 S g0 b oy Sl 55 05 - s St ]
sy ol ¢ 58y Jo 53 15 JUid 5 Lo ¢ JoSdn it ooy el 585 oK (0 JS) Sl salin 5 S 5 g
o2l & -3 gn o (5148 o St o 53 &S Sl Sl et 5 Sy T (s 1aeo sl n Y pane (] o 5 0 0L
3 g0 S gl Ctes T (s lalls £ 13 s o ) S35 oy By sl 55 S 5 00 8 S S slosd

N 3l K S 55 U, S 5 bl S0 Ao
) Fs 58 SR S 53 i 55 B 3 (S i) ol

S s (o

\— Corona discharge Y_ St.Elmo fire

Yv



O Vel

oo 1S 633 553 3 1y S 65515,k 1y gr o o SOS gldonsy o3l
XS o 0 3 93 uﬁb o) o 1 5l S os S LIk L e S sl Sl
onl S winay e oS lws Kl b dais 1 6551 a5 o Y ganas lags 5L L (Fo ) JS0)
Sl g a5 Ik o3 By Ll il oS Sl 0 AN 515 JeuS 51 Sl
S a3l 33 N 51 6ol Sl Sal L1 5551

Sl PY2N IS s e ol Cilisen sl St 5 W31l o 1 o3l s ¥V2Y S
b bl gl e IS L by 53 ol & ms e ol ) Jpame o3l 4 Lol
ool 03l Slaanios

+Q -Q

s
= -

ko) K ol gl 2l WP Jsib e o6 X 51 (g a5 W1 J5iD

Sbly Dnies 5 Juli o das 0 i |, 'S 3s 4 p puase S (LT YT IS

cilas S 515 5l (cwl b bamiw slal 41, 50 8) d ol 4 8 ol A colun b5l
e 235 5 S S e () s S 03 Sinbs ol 1, 8 oli e
23 Slos il gba el o g e ealital JSE o L bl ool ol sy ol 51 s

z

)LA f-\;})@ )KAJ cee b‘je.h wa}f sAali\) ‘U}i_)i}l; «ﬁ.)‘) -\-ul.ﬁ ‘_;a“\.w} 6&.:1}}&” 6u)‘AA
w5, 84 ol cpri ol 3 8w e ol 1 (LB ) sdiS cup S Sl YN S
cload Gasmde 2O Ll 15l sl
53 ol gl SR O3 0o S Lkl o) ssle Gy, s 0SB 00 8 (Guka) LIk
(Jes) dis K alS iy (A1 YO1Y JS0) 5500 5L S cnd losla (S Sl
SMas | oS a8 \MMJ\@K»\:)LJOL;@\ .&\i@ohﬁthﬂjduwéﬂ}}\)\gaﬁ
O G (85 0508 0Ly 5 7L BLL 53 olon Jemslt ML 35 Ao 53 Gles Jemsle
+Q 5 g0 Wb cude b Jy ol S5 b sk sl o] slbamis o5 g o sk
o Sl Sute Ao b pler S s 0 LS QO 0 1) 03 Ll I L - Q
& G i 31 las oyl Dolas o 550 o sl ] S8 Glae 1o,k 05 dmies 5o
(o =Y0) ) cul s

\— parallel — plate capacitor

SS 3 mass M 550 Wel Jaib
U PRV PRIES g1 S

d

ado g )i o S P Jab
Aol & oS Cuw) sus adlu A Coluw b
EHICE S Pr]

Juli a5 saSey 5 G lae WIE ) JSh
oK b bl 5l Bp w6 ke
‘\alc.\dum&.»

YA




Q}L&wlduw.a(y.C«uldjkéqoidbngw,‘QJB‘):;JHJQ‘S,J{&}J&(JlP’c)_\dﬁ.\i)
ROW 7% 25 I TCINPICRDS E5 B 1IE O EW R PN EWRU-[E DRCP T VPS | N PYR TR

a4 35 (Q) 3l b e b3 L (A V) 3 s o Jewily SOl S1: o o b
305 o sl o ) 86 ] S 5005 300 1 o skt 0 3 o
oo 53 Jpuslly S 35 5 030 0 33104 035 b o ol C L Lol 5 a2 S
4l oy Ba @L'; S b bl 5o Wy b s |, éw—ﬁ‘ b b ol o)l g<d-“ C:T

o s e e VL 03 ke 55 o AV sty 03| sl g b LY

_Q
C=1 (VYY)

ol a5 (V) &y ol Bl 656 (C) S (SSILL VY2 Al s
IS b.\:.at (F) .)\)b w;\)lé Jgs:l.n Sleds U’“L 4 ny "}’“u" (C/V) C,Jjj uJ; ¢C¢.:3J1: dl&
3150 58 83 3o 55 ol b3l 81 e b Mee 5 ced S5 sl I L6 ol
&LDCAQJJLQGLQ;MJ ‘Lhu)\:.d.otwg))ts °)}f\b‘)§ Cam‘(\ O_VF) J‘)l}ég\:(\ 0_”F)
el a b Sn 55 1) e sl

Wo=ldbe

+Q ¢ Josly G 5 S il & S Gllaa 1) G5l gbanin
255 YRUC 56 )L ST oS o JeosV YV

oS a1y 05 B (il

ol S S Jeoy Y8V oily 3l o 1) 03 ol ST (o
A e £ g 0y
= 3 v Yo

osls VY2Y Al 3lasbisul L (il

_Q vyexyeTC

C‘—_:—><
14 VYV

Lol 0 gr solies) Al Caanad 5 sl ooy b B 51l 2l e o) pam 0 b b Sl 4 ar 5L (00

C’“"}‘Q‘};@\Y—\ :\Lgb)"b.)u.lw‘

=Y/ex\ o F=Y/uF

Q=CV=(Y/ox\"F)(¥# V) =VY¥x\:"C=VYYuC




Lo, 6o 2wl o g3

Suxpjgéw\gjutjajwﬁ DM Sk

blu dbos Lo il t@w\b“ébﬂh})b}}f\é‘))ﬁjﬁjaf&w

o sl i TR 6,1@,‘33“)'\ o ol gl t}‘-siﬁ W)

dl"‘“:.'“ kﬁ)b ésd)bz)jhu\d)ﬁ}d})échmgcﬂm\bu\wdl—"-l.w

ey st T g T Y P

30 Pl gl () JSE) sl Juail s o o ls ool b A

5 S A w5 N E g5y o gl oo S LIk sl
() (i) b 5l € (o JS) cul sid cuar (Lo sla) S o

55151 o 6 o S 3 9k g0 )1 " g g b B S5 g e VU5 5 ) g S glacad a5 31 ]

@Mb@QjB;&@}&»:&QLﬁ@w)u&ibﬂ RS PN
:.ﬂdcﬂwa@j)'ib‘\)}\‘ddum&\k&pG}Adbm

C=¢, (\Y=))

SHES

S8 Jl o (£ 5MADXY =T F/m Y Mo S S 20,8 Copbolar g ol s oS
sboul S S S 30 3l 6 b b i 1 ol S5 0585 S bl 5
(rFo) JS) &S
ol & 8 (Sl L a2l8 wsl) Gile losbe L 1 o3l 6 sbamin plos slias 31 >
3136 ISl Sl o i 4 03 b B s (V) JS) S 5 gt 4 S S0
w2 b o cud b oS ol s losla Jilay 5l eolinal b oDl VAYY Jlu 55 )l (s
S b 51 gty Gl (s g olis T L 1 61 6) Gile 3ale K13 Cali 4 s

Al
b, i
S [

8 036 SQ 030 (9 5 0 (B WYL JSb
o a3 51 5 e Y o] g b anis

\— Leyden jar Y — Wimshurst Machine

.;}u@aml‘,»l;\fé@b‘,“_;u\u)fj_\‘

Ll 0555 Sy up WOl JSib
Pn 036 (81 J)S e dniio a3 |
S i 6 ardo Aol Jao
TRPURE QPR L RCE LS EROR S I

s o (S A e G 2l



S g3 s ¥ J oo bl 1 S b sl a8l ems piules O L1 S STl s o)l
Yo' Cyles gl 5,

C=xC. (Vf2))
S el S g 8ol
s g s g ol 1 Glesobe ais Sl es S YN Joas
Y/\ o
Y/X RN Y )
v Sl oy il s & il Wl o & 1) oo 3 Sk Gaamis 55 JS o
7 e g 0l Ak 33 Jamilty BN Mbdonis i 53 S S5 058 3515 -
v/t s S gl 5 Jmne Sy fi b Tl 8 08 4 5) ds e | ol e
Y/0 sl o (s
v FRE h{
> S g bt
\ K
Ao salls o
e p | el il

Jos 03 b B i gl (A1 JSW) L, sbadS amivs 51 5
F5IF Jﬁgﬂé@\owwd\qgﬂ&@md\wﬁ..\;56.

Bl b ohyos ol it ) ool e S e 308 Ao S 4
il l i R R })L‘ﬁ\éb).})w' s \k&t’d}é%}\j;\idw\&ﬂ\d:
ot Aldls Ao dr s U~
N 5 3 [l } 3 [l W. t.).:jS C)')\'))L‘:";\f .(g.) L}iw) MJ@ LSA»A“ & ‘)MQ}B&S‘W.
s [2s el g G 03 S B g g Su ol dmdes 4 S

" : Sl 81 (S5 SN sl Sy (S S o &y

,ﬂ ol st 0313 3L S (S 6 5 ko s s i 3 3y
a 0313 HLid | sl ) o el /00 Y o "M L pas Wb amits s Al

b el /00 x VoM asmir Comlus a0 oV 00 x Vo Tm 4 A4S

S pa g b dondo I - , .
o S F ] LS b el YD S S slaske Sl o3k
Wglinie O VI STl S Sy las Lo g S s HLis

()

AR



Lg;vw‘j\j-\:.‘s‘_p\))u)\wu)l.‘»g:@;ﬁjb\\c_\ }\Y‘_\ 6&&\)}\0)M|L‘c~vh

0 Y
C:K&A:Y‘/ao(/\//\ax\O—H‘F/m)(q/() X\ m )

d (/- -x\=""m)

= «/OA x \ o~ 'F = «/OAApF
o alics Glacubs U g a0V 00 x Vo Tm g i o Aol (0 S i 03,0 51 Ly
35 Jol 3155 gr ST JSeer &) 0t (3 S Bl o cul il - mmay 0 C= VA/F X\ o F = \A/SpF
:.).;jgo Sty YU luze

AC=\A/#pF — < /OAApF =\4/-pF

A=) cudlad

oozl 3 S 51 g0 55 51 o 5 61 gp S S o
9 J.:;g &:.5.’;5 LBJiué L}i\ Jﬂ-ﬁ‘- L;;-}i’. S)Lg).) .J}Jd

a3 1 WS ) ol ons

Alam 131030 bS8 6o g S 51 (Ko S 055

35 S 531814 1 o3l S Dk 3o Josly | BTl o3l Joos J6 51,
aislons] S SI ol o oS S5 53 slo il oy ST 51 ol 10
JS2) 3 g o sl 'S N5 (550 bl (oo s 5 5 gut gp 04 hnias 53 o
Se Al 82l TSI (2505 sy el 358 (g0 031 5SS (YA
8 Sl b Y pene b ko 55 0 3l 53 SUSI Gijeos b - S
sl b lai L Y san bl sl | o3> Bl e 53 5 Culol o

(VALY JS2) 56 g gt paecin i s 51 5 o 6 (5 iy sl S| 08 S o AL g
s ' il b S5 sl (S S
) s S S (g0 55 IS b

ol st i Jas BB By Sty S| 5 S B 0 (555 8 036 S ) (g e W) S

(Lichtenberg) & o sl ik 4 pymsn =)
Y— Electrical Breakdown

vy



+ @+ * =+ =+

V), 02389

4 Joh slid S g, ba 5 ilaJae Co 3 KL olg e 1) (0 5)mas &L S

S sk olyie 4 saman Lie G b 55 53 & b cadle b 1o b glo o 5 K SU 60 ol e
ST 55 ) 139 b g 2l 5 e Jsheo S b b (550, JS2) S Jas 3 Soamis
35S 5 Sl yhiz 3 9ut 3lou| AOMV Jouuilty G5 S 3T g1 (il o 0 5k 6 o 2

sl ik cCal V/ox o“°m'cl:.~ Coluw 5V o/o nm Culied (e =Y/ 0 S 6o b sl s

Amlicudlad

d})x\}:do}ﬁﬁ &&M%Y%&}}hu}l}ji sﬂalndlbu)t:n ‘L;::J)J.:ﬁ\.‘_é:.a\ﬂ ;&:.a sd\é)}dlbu)l}

S A Glae 3 6550 1€ Jaib
.:ﬂ@an&SQJL&QW' o

Yy

S Gl 35 5 S

03B &=

Sl sy 2 gdigr o s 6551 03 5o di s (AL b 0l Ghanio 3,
Y S g3 Lo 031 6 0 el B S el | (13 3 0o 3 (655
¥ il sl S 551514 o5l Jomily ST 5 b b 4SS bt S oy S
2 g Pl e 5 (i) (50

03 Samio o slab (S S ol 5o (S il 551 05 0k 6551 0!
bl 215 3l 53 oo s il 35101 plii ol ipn - (Fo ) JS) 5 500 33

Q' (\0_)

UM,B%QV:%GV‘ =1%

I (@ 635 ) 5 g (U0 5385 S s 6551 ol 5
.Cws! (F)
18, =Y, Jle,
GBS PV, L 55l slSe 0 Sl
U‘l\ o OS{JJSJ\ d)j‘ )\.A}.a 4> (uﬂ\ ..\.Su.a {;:—‘"5 s??‘)HF
Vo ms Se s 6551 cal deb Lo ST (0 53 put 0 o 3



ol VOV il 4 am s el

\ \
U=;CV‘ :;(990 x Vo F) (YYo V) = YDA J

teolr ol g A a g
PZQZLQ‘_]V:Y’/;X\°VJ/S:Y‘9kW
t \/ex\V\eT's

631815 sk 3 S it 5 o S 0l ) 2550 55 Y o2 S 1 538 ol g4 gl 53 ]
S g 39 AN 81 7L 31 6 e sl Sl L

3} g sWelans H8 lul o SO Jouiliy 65,135 51 03 215
s bl olan cnl 53 2550 B4 (ol s Jlaa sl 31y 5 J il 5 61 48 ]
Sl 3 -3 g oalie 3 0 a3 & g 3 gk g 2l S Salaal oL
("o SiS) Jal b & o513,k PRV 30 omsly GG 1y 355 o5
b 3l a0 35 (6551 51 gidu 313 5 & gud gr 0305 15 lew A A (5,
K5I sba LSl o) J 510w a8 o i jley o 4 SULES
! B JPWL;%&*NOUW)%

4SS G b 51 0l 55,1 Pl me 5 3308 550 870 o kV 55 by sl VV/ o pF ol&is ol 3l < B S
03 30 4 Hlaw O 035

3oy S0 Tcwlen S 55 slam o 51 (SN L 1o do (0 Sl o 4y Sleg Gy o 635 i ()
el s 45 e (5 53 g s 0515 b 6551 cal il 4y e Vo oms aa o L 635

:"\‘»Tu‘ St VO Aol 5lenlanad b 3l o saido o33 (65,1 (A1 'cul.a

U:%CVE%(\ VexY e P F)(E e ox) o7 V)T =14A)
el e G o sddads 6551 Glad ol dis o g4 an s LS

bl 315 03 Olris g5, 451 L (0
Q=CV=Q=(\\V/ex\TF)(§/c0ox\o"V)=§/80ox\o'C

035 5 g Jlaw 0 518 Canl 6Lk oot o it (55 4 a5

bl 1 slam 0o )3 s (551 Jasa 015 (0

P:Q:L‘]v:‘\‘\/okw
U Y[eox\e s

(193 md9) o Wtiiol, (i) o, &8 5 00800 2V 7 =), Jbhe

\— Defibrillator Y _Paddles

vY



Yo

S, 55U 2l Cunl 0 95

G I 2 ) Gl sails 4 1y Nn s 05 351 5 i ;S 5 (K 8 L )
b 3ad 3 5 g 00 Lo i SN i 55 (6o dtanns S socy &y SISy o J poma stliin S b 516 . aas o
J.,,,.\p;wusg;ﬁ\d;uog)\o\,“@u);s;;t\f;\@\,nf;ﬁawu,@\ﬁmu,J.uuSJl6}
.uaf)qujﬁ\@go\}mquﬁGTj\,uﬁgﬂL“JJ

b Jlis ol eodes VAYF Jl 53 slady (S0 55 S S 0 B 4 Sl o158l 5 08 651
sl ylol s 4 G b pl gl ol 03 S g1 oz | Tl 0345 5 5l p v oyl 5 & a0 3
53 81850 53 b cales a1 181 e 402 o 51 eliplon ' Ko S e P
sl s, VAYA L

35 Sk ol des (S gon il Sy e jtn sl A i VLI S S e G b Juli (s 5 o
el 03 5 GG 0550 3 SIS 5 Sne aibaie (S w03 gumus | & ool 51 ad GRS () g gt (S25 50 S
cd ol ealas 5L L Sl 5L b ol g ardls LSl 6 gb el o590 & haie | 4l ol luliagleal,

S5t 4y o i 518 sl 53500k oy 8 i 51 0 b e Qi G B o) J 5 5 K
-J}e°->)=§3)3&°\5&T‘\1:~‘)M~3p5\’“Jko&ﬂyﬁﬁbﬂﬁ&ﬂ*ww&éoﬁ\ué‘J}WVYJ-“U

253 g izl ot 5 iz (S S (6 7 S 6| TS 6 g dine 188 gl s e el 51 >
d)&i‘oi‘~-’5)\->\)6}56‘-:*3‘6})Wdu&yd)&‘d‘jégéjﬁ‘0‘ﬁJﬁd*‘*p-“i‘-@‘)‘d-"-w;\‘g
ol s o ol Wl sl I35 S slB) 5 i

iy Sy AU Jsbous 0l 7 O3 S o i by & s Sl g b o5 )51 e oS S
e gm0 Ol Slaalie oyl bl 5 &S a5 el Jeniley G| 615 0 4 pame ) o wnlia

o.sLé.:.w\g_,\)‘\Mbdj&e\‘;\jd'\&:\ol;,)‘éqjﬁcg»;&‘;,l};w@t“hA;Alialaj)lfli;,\w\;ma,]\
Al (ke by (S ol e S5 o5 b ol Vain| o )15 5 4zl slize WG 51 o - 95 G go 180 S o
el 035 0lolay 4 SIS 5 00la s

sahai (6 3wt 51 Jhe 151 (S 55 (5103 a8 Sliions (535 ltanisls ¢35 ol B o Sladly slaasily o) i 51
ilesls plovil K8 4o 33, 5 b g w51

\— Wilhelm Konig



ol 53 5531 cehwo 6o 3SI1 hihwo P g8 m) (P
SIS e Dolas g 413L 830 &y 5

Wi 5o S )by Adk 5o LSS 15 b ba5s S
55 0l 2 SN Ol G b 518 g5 o 013 B
S Ao |y 5 5 0 3)lg e 55l 5o 5150k

=
E

e
we

PRSI 7S Kl 1 XY SV TI P u“T o FrwY
)\Jspbj‘v/")(\ 07\01'11:\)&0\34;45%&&‘&}3}}))&

b S S glase 35101 (o

.w\)M.‘TMJSJﬂ)\\/"X\O

).)M)‘ w\)-\‘b--\a)b

‘m ol

25 Sl o Saws e gl 1) 1ol 835 55 ¢ 5 S
s 51 8 ol 2ols 3 bk - slosd Cali X gma 53,
iyl 515 (0 k) Slaasius
2515 552 5 ek (Calg 0 51 ) ) somn cnl S8 o (D
3 Sz (05l ol o sl (S S ol bl s o
el | Slaazina s 55 41, oA Ol S

3 O—=X

o -Yq

0/oxY *N/C S, 54 cl 6y (S S e S o

Y/og o aolanlians il pulbia 5y 5 66 olegs S

o310 eatl g =Y e N/kg S1.5,15 13 ¢ S Sl & Flos
S i |y 035 S AL 55

Sk bl 55 55 gl S plas bolas

oS pobgs culoadolbolis 45 IS 55 So 8

S a1y 55105035

@
q

qy

S 5952 NS g St 1S3 SN Y 31
e —VYANC S de S8 HL L )
Sl i ol Ao ) 5 oad olon ! (S SN L (A

oo 4 oy D0l S o Jis ooy S slas (0
e el |, Szl

WlJﬁ.\..‘» C) oS il il S S L (I
-W‘)-’-‘—?( )°Jﬁﬁ)le~§!w,5pﬂ\05%;ﬁ‘)\e <
PR

¢,=¥/-nC sl |, 4 LS, 5 S 8 (Ll S5 5
Aol U o 5 @t o oled 2 b 1) g=—F/nC
méjﬁ‘ﬂ@jd)ﬁ S sl r=Yeem

Tl b el 1) 58l - dlona L, 5 5 50

ot 53 IS sl G 5 Gy oy 51k 535 aw

5 §=¢y=—0uC S| .Klsad <ol ¥m o a0

Ob ool di.fﬁ\uall.s Sam edil ge=+°/YuC
A s J) i ‘SVLSL“J\-’jW*-"j L gy

qy=+0/°nC . g,==¥/onC lakei S S sl
. Xloas Q\:L J}."- le" 9 cd.gw &LLA q‘,=—f/°nC E)

gy gl 31 p 5050, gg"j‘g\ué'“‘" S

3 YOG o & alie 6.5 55 e prhy JS o
‘.\3)\3)\]3[..&)'\\/00m:\l¢u).> qwub&)h

el ol Gl oy VU 5 5 55 b

R POy B I S BN O]

o

C SQW\).A}.TLg}fﬁ)'lo.\da.\Sdhwj:ﬁ\g\.\::(g,a
+ )

|84



@b 2 3)ls (S G (A
03 il ol 4] 55 S S 50,5 8 68 (0
bzl ol o b (SS ey 6551 et (0

=)

oobooooo| booo

>

4 A LB ) So oS 5t sla)b533 55 IS )
oS 2 S35 63,1351 e bl 65, 8 510,L5 5
S 08 colrale pl oo (A oo o 1 S B Ak s
29 ,15,b533 Jemaily (6551 (00 5 sie b el e S S
s A bk il (o S.\S@MAJ}{?&\:,@\?&\
S Mu‘p‘“\e\)B

@ " @ "

b 1y Sl ol b (b 4a 5 S
B 5 ¢ S Ao 5 0500 S igibl p s o
i B Ak b S S plust i 5 s 5 3550 1) A
Sodasl 5 Gl aw p 3B 5 A i oS
P OS5y S S P8 5o sls Sl 8 e i
b e g Sl iy B i

/ B

> ¢
W ¢
> ¢
w ¢

()

Yy ()

LGJ." C«'GMC QJ) UL&’ «)Lf 90 3)‘.»‘ ‘J?.) dud&« BE
Syl gl s Sl slyl oSl b il
s e 5 | o s S

RS

: : (<) : )

5 qy=+V/nC plas e )i SO L s

B 51 #leem Aol 4 5 S 3les g, =—Y/onC
Ayl 18

A 50 sbdai ;o 1) S8 gl 55180 ) cga (A

.J.‘J‘))‘&;»u/)%

22 oA Olase & 55155 g2 s Gl () e 555 ] (o

SJ}J}L&Q\

=25 'f"i‘”; K25 s?jdg L ) IS sl Sk
£ g gp ooeadm 3305 99 w6 ) shay Sl gt Ol 2

5SSl g (SS9 2SI il (55 91 At g V)
S ol 5o 1, g=+0onC L« 5 JSa Gl
e 3 B aki U A 2k 3l Cuds Mox ) o°N/C el oS
BC=¢/fom ; AB=¢/Yom S| .08 o lals Cllais b

t Sl O glhae (il



SN/ omm Slrio dols b cow (3 S e b
ol .l VOoF 1y a5l 55 1 ol o dsmio oy
Slamd as dias (pl Sl SCil Hais 5 ()l Ganio
S8 o

Dok bl oad iy b 6 4 o o3 S
e 03 & ol 5L S Jpo g 5 050
S 2l 0 1 O Gbamio e Aol
S@\@yﬂ;j,)\;&rw
23 g b i Beieo s S SN ol (A
3 g sp s Bamio Hlen Jemaily M1 (O
Byt alp ol e b (o
(A4S o et B (65, b (©

Veem' (g o3l bhanio 31 S p Colus
Sl b ale Lol o/00 omm a5l amio 55 Al
S b ol i 0315 1 5 a5 o /8 S
S e |y 05

Lo AL
S s a ) bl Cov o) dmis o
a1y Olois o)bps S1 s o putgr 035 1462 donst 3
o 3 oS 2l 1, HWIE s S Sk oslil ples
J 51 5855 Jeolo o U oS ooy 2 4 | andas 5
83 125 WS (8 G i by S S L5 o
VAonC o S0 5 YonF o o5l co b
s
Sl joi 3 ) 3 0uido i3 (65 51 ()
sl G bl o3l cwle 3l Ok o (o
o 33§55 S gn ) 50 15 0 (Slb o ey s
fanb o il 31k 31 o

SuiSe 63l 1y Voo cm 2l L bl koo 5
s VooV Jouily disla 1) gl 5 o 518
dﬁ-’ 5 st sba bamio 51 S o S
S Glase a3 gl 5 85 0 51050 Ce 5 5ba
L SOSI Glas ol 53180 Ll o s pa 2516
ﬂugifﬁ‘o‘v\:-‘-l’#ﬁﬁé—‘?@‘*?jlu%ﬁ?b
w33 51 P18 S dds el 5 dnhio 53 o sl
85l 6 ey SN Jenil

QSJNJSJ\ Jenailiy b (glada 51 g==YonC QSJJSJ\ Ll
sl 811 V==V oV Jeils b sl b V==YV
8 S 50310l gl S Joilt (63,51 () 5 5 0
3350 93 0835) Kol 056 & 5 b (0 TS
s e g glrale cal 5o gL 551 s S5
Bluy plut 59 (59 5531 5L 2399 A=)

Bl b il g5, S 1 SN L G g5 S S
Sk S 0 S35 5,00k (S S Sisla eals 1
bl g S d S a5 )

$HRi S

Q

L 5 2L

S g s & 5 0 S b 5l
3 gl 9 0l b ()
gl ae ol Slamis gl Jeasly GO (0

4 YAV 51T 05 S bt 95 om Jomils S
o.xwaﬁ:.g)hj\OuC)Kd_\LJf\ mb)@w‘j\f"v
A:.SUL.“} ‘)u)l:-g;u}‘}b cb}mb.})ﬁ‘u)l}).ﬁ

YA



9N S b >
oo 30 22> (5 4funo

A Ipwons steyigo)) LT3 as) 33480 9 ¢ IHES1 (slog)ed 513l C1pbaS 39361 BLYS es3) sloinmgly
) 5305 Cunl ¢asiy) sl Lol 03 )1 £93 ¢Sy - Cuml eladl Jla ys (glse0 o3liiml @a by 53351
156,06, b s )y p Ly SIS (59108 (T3S ¢ idls - Sl aS oT)Es Al g eaiy) 0T slacsbs
035 L o3t a8 Job Jiiligy 51 aBy5S 31 LT s SN34S 3033 (sLog)398 LollAYy . Cawl ¢ ag.0 Jole
1y lasyly o331 f)libs le) 331 b3 s ol siasissls g) gaas §) . 315 §lad ale) Caclis 3ia ay Lagyed 33l 5130
. 315¢,.4 o3(83w) Lap)ld 1 )1 aS Cunl aSyas sopd slo@ais )1 astaiwl toal) a3l )1 Sy - 3das ghalS

- 35 )l (o005 33813 1) (. SHED (s5Lan)08 019k Cawl gS.as (s)elid 931 ) a3laiwl b



https://www.roshd.ir/111244-2

S ol 34 33 0 iy G| i S0 S0 i 5 b ot 5
oo Jad pl 53 il 0 S Al 53 (S SISk S 0y a5 et ]
o310 o et 0l syl 5 (SO SIN OL o Aalllas

S 33,50 55,51 Mie 05 5 81,1 S ol oo, 51 oly e STl sl s
S by §la s 3 31 (S 53513500 0ol 654 S ol on il Sl
D eizmad (V2 JS) sy o]0 il Sl Sl 5 Se S st gl
s e oMbl 5,5 solius 56, s ge s 51 ol SSI gloolSans b 6,
it (Y Y JSC8) ety syl 51 il Y| ] K Ol b plakign 5 61
)1 5 5 e gmmae glaad; s (S lagl o b s (S Sludige 5 B g3

Ll
S b 31 sl Kl ko w31 5 5350 12 sy e

s Jiza 0k 2 g3 (S oL T s oS Sl
ol L St bk 5l slassame p 12 oS 0 Gorh n ol b 055
b auls 5k asle (o104 5o skt ol 4 a8 (YT JSW) o Coom CM‘CLM‘-SU\)L.
203150 S o o e g 5 15 Bl S ol Sl

S Gl 2 A=Y
oba oS ie sk der Jy il S o)l il S b (SSI ob o
e plate o S 51L Al ol Sl (ST ol o s 1 A el ol
b el Jsb 0 ST o S L& s s 1, o osbie pl 4 el 4l
b e 3 lo,y 5 ba S ) s RIS a s Ve mYs A 51 Jsas
221 o i) S s P S0 1 i e 1 s ol S g
SO Glas s oo 3353 (Joily BT s 15 O IS asle S S Hloa
JSG) g 0l sl 5 e o o151 o SN S o sl 5 gt gr slowl 0l 050
F 0500 S Olaen (85 il 53 oS sy 15 02 lie cu¥ il 5o & 55 sba (P
Py Lt o by dims o i (oS 15055 1oy 515 CS o ooy s AN 0 5 g0 oo
o gr o) S 0 Ly G Slasadl Sl [sba Glass S OWo o TG e S

\— drift velocity

J“Q)I‘.‘S”)l ;u.k&“' Ql,,é P_Pd.iﬁl
i op U et 5 s S 0 5

e 3 st g 51 1S b g5

Gl il B3| 5 55 5316 P JSD
.NJLU.MA‘;.QucELﬂwABJQ

(@)
ool (S e oS () Db )i
Lyl Gl 5 el g Sl ¥ ) S

J‘Mrﬂjdlﬁfyru(g) C«ulh.&ww
o8ls ol o)y glou 3l uilew] gbasls )

.:,uga ool J|.\n 6‘)"

fo



E
A
. [<0 <2 O <O
: — _
0 0 w0 0

il GMaS) jpls 3 ¢P JSD

Qm,}_,&..ﬂjlj

(VYO VAYS) Ll ig e sl

bow 4l 08 gt aagm 3 alissle o]
4 Sl B 5 3ie Slom 55 S 5ol
r,l;&gj);uzts){blum}wbgwb
S ety ol 0 S 0 JeaSS ) 2L
2 by G S sype 53 S Gl
Ly oladtils op3 5 59038 Jom | (61l T
Lol g2l a5 ) 5m 25005 Jpia b
5 il g 28l oluals
5 ¥l ol el & il 0la B,
ool slamial 5 ¥ 5 AU Cow & WYYy
Olsisa & ss S slgidn ol 4 By 8 S 18
S e g Ay 53 02 5 p 2l plas
Jue 53 5 55 Gt Gsd A 5o Jl 5o
S CHS P U8 e sl 4 VA0
sliad G YA Jlu 5o 50 ) 4 Jsiain
Jo 53 wai oS S ol S G
S ey Glay oSl wiadils VAV
Sl ok s S0 ubliae b e 858
G oS L ol 3y g G e bl o
Sos 5 ol Jolo sy e 35 56 1)
ESPCVE RO § PP NCIIY QP
w8 o i 1, ;\'5& wib s bl s
Sosar 2l ey Lol r g S0l
baxy Oly 25 ol 5l glaods S gl
Womas 7SI 5 Guebliian ft 4 S ol cou
ey Ol &y el 5

e 4 Sop Sl & sy glasedils 51l
Olass 51 Glasd 5 Pl e 4 508 oo
S Sl e 1y ol IS6 glazesls )

..AS.\;

A

g S 4S d gl Vo Tm/s LY < Pms S A;f,-\wdum“ﬁ’m”s)@

a0 e g S LSS gz 0155

P

=

Olge s 3 58 iy S 5o 13T 05 A S 1K 5 s Vb
.‘wlagg,ualyaggdmﬁﬁlﬁjwwl.u&,&il

) =Y cadlad

k0o S S o L e S 4 il g bl S 5o 13l sy SN G g
8 | w30 Gy 3 B L o el oS i) s S G i |
8 g 3 1y et B 2, 3 1y s St s leda ) 55 g gp sy S
SIS0 51 Iy 1000 65l Sk S o 31 sdlidly ol el Ty St o K
(48 0 S Ol s Sandl oy K6, 880 3l sty g il sl 01 0353 1) S5

Aquals b aS (o @S S0l S 5o (SSIOb 2 1 o 5 et 53 0 055
S o b sie S S ol 1y AGIAE Camid 3,08 o il 51 gabaia 51 AL L3350 o
b S ol il ool Kaal ) 51

I:i_g (\-Y)
(1) 0l 5 (8) 48 o (AT) 0lu3 e f(C) 5 o 5 (Aq) S SIS Y o
b Y G VA ISl be ol bl o i polia 51 oy oSl (A) ol o
L?‘j. \nA ol ep w;,fwu L;jj\&,«‘l:d\j YMA (5,05 S kil g1y Yoo A Voo W
Sy 5 sl ;3 VGA 5 o5 il e 53 VKA e s, 5 0l
)\m)ﬁfﬁdb}L.Ole.ﬁt;«é—?()b-"s@.)\J)K)ﬂvp@@“dle.ﬁ\u}*‘écﬁ‘ﬁ
Al Soliol

Sl ki 2313 Ui Sl 51y JSi 53 & ol sdoain S ST s ol i 1l oo =)
o\ a0 polae ol 0o e blaa Y
Y_ Direct Current (DC)



U A

Sl b el el gy Sl il (85 - ol Y70V Ol e 5 S 6 515U
f il gy Colo G Sl uaile o] 5155000 01 o o/ ANYMA Gl > 5 s
S o Ol il 5 le 4 (65 51 i (6 3L (09,08 oo laa 3150 e de s )y (Al
bl 31 V=Y Bl 5l eslizal Loy dS o lae lcele s S gk (A : ey
Aq=I(AD = (=/\Y x \ = TAYY/$ x \ o"s) = «/$C
3 ss 18 5 55l Cos a (SOSI Jonily (6551 5L 5 5 1 AL (0
ol s o s 511, 550 ol e
L Sldedsadosls @551 =AU= qAV = (o/FNC)Y/> V) = V/AJ

| J RRYY)

by s 5k g 0 cotlian s LAG SIS cail ol 3 Al 5l T ST Aq = T(AY) B 55
S5k S ol it g g et (MAR) ol ol otk ol as la S 65 5 (AD) ol — ]
] iy 13 0k 4w sl by Uy ) e )l 51 il e LS Lb Sl a2l

S oo Job s el a3 1 070 A Jagia ol 55k el BTl B AR e gg50 5 5 lailenl (s 5L (G

?.sr‘;‘JL-'»L“
> ol al LYoo A Jaugia ol s b ol S ol 0 4z g Voo AR Hluke o8 6L 6, (0
59 g U iS o Job ome
ST AT ETE H;;ﬂhb, () gite 6l
. . | L

.

3082 i, Canl 83

oS ole gy el 5o el 5510 o) el 555 s & L g, 400 3525 G A Sl Gl yo 1

Sl Sy o s el SUajs s, ol -l J#T&Jfrﬁ-’uiw ey g0 by 3cmsned Sl 4 Aug ds e 5l asls
en Vo s ST 551 00555 () 51 Gl 2l Voo el sl Gl 1) Vomg &5 0 51l
Sl sl Sl 1 Y e o tg A5 51 gl e sy 0 g el 250 09 o Sl 0k Ca Ty
il gt 00 ol L 4 hiads Hlonns (SISl 2 Sl sl b 1 g)ls el (SDo 5 4 psmse € s !
S5 33 ugr 306 15 iy o (S5 S slsltn o 55 5) Sl 95 A8 53 5 65k S s oo By S
C)Idu |y st 3583 5 0adle Ol s 4 1, (Ydﬁjb‘}féﬂyr’-‘) Ol ad g y,ls (a8 J 8 15 ous Jleel ol >

\— Iontophoresis Y — Dexamethasone

\Af



(J‘J&u).\a\.u)@ \/vcmﬁ\b&obo.\prCALk ‘)})‘J)J,SL’AJ}&@}&JL)‘Q\{J» M.\@)\Jﬁ
W3 0 ol dsalous (o ) Sl 03 ol (6L & /N FMA Jplaze ol U 1y 5515 Acpig e sl g (5 ki S

sl g Jsb 4 423510 s | S

(F\YAY ZVADF) bl & s 52
Sl Lk A 23 bl g el
olset S VA s g it s
e g o lba | us‘ BENPSLS r"*‘
5o 1y illae ol a8 4 Jyie
VAN b s 558 Jbs b, &y
a2l gl S e dal a G
3 Sy S 5o S w S g s
S 4 Jss 2L ol ol e
Olse cov sldla 51 VAYA e s
LG, ol ool s, Sosluh
o dlie ol 5 5l sy ol &
AN AT VETRRE ' FI A PRV
ool ale ol e by 4
Jlo oo a3 rthe S
& olgr G, oleaige sl AN
a1 (S S gl 5185 1T 3l

.x_);d)\;\frt (([,h"))

fy

2! 90 9 (S SN Canglio VY
il G| G btz g0 1 38 (S SUN (g5l 3 (8 ks o it 53 &8 sblen
B0 S0 al -3 gt g 1ok e 3 3131 5l NS o sl 55 58 o 3ol e o 3 55
3 i By b 28 sl g g0 a5 S a5 53 Koy Jlo 5o & Bl slagil
b Mas] . sizad 5ou5, Cuslie o5 aduan bley )3 28 > r&* NN Bl 0
S Caslin €58 st 05 0 bt 51 ol S SUN G glia 1)1 bl o S
sl s bl Bole i piean .g,\gufcm.bLﬂ)CELCEM)J,L@.u_.L'LOwMJMQ

8 o i) S S sl o
e glagl o gl S Gl b e 53 OSS Jesly BNl S o
s 58 055 56 e b A Chaglie b e S (5 sba taas o e 055 51
P35 iy 5004 | Bl ST daE o o (S S Cunglie ol 5o bl 51 Sl

r=Y
1

ke Slaas b 4 8 550 0 (V/A) ] 5 Sy o 5 (R) S S Canslin sl o

SLIs 8 1y bl 5 i g0l s "Q S L 5 ol 551806 ol bt w5 s

=l b S Sl lae 5o 1) ol 5wl o "o sl Mol il (S ST1 sl
ap o il

(Y-Y)

\ — Resistance
Z 3
)}ML‘;‘ a.&\}‘» K«\Agsb}idu‘u)j»)‘_Y
Y_ Resistor



bl S sz p5 25 51 L (SUSI ol s o pladns
AU Caslin 16558 Ol e a2 5o g ol Jlae ] iy SIS ks
Sy a8 ed plicuslin Jaily O] o UL 5w 5y 595
s 8 i 5 1 oo SO 1y a3l e 5 s i el
&Gju,Lqﬁﬁu&,Gwd,&‘@ﬂi&@AJ S sl
55 15 ol e 53 53 1y Jeily N3 o)) 5 g0 0T L o p800s) ki
4357 e SS 4 |y oy 53 Jonily S ity o (s i 5 0 5
7 30 Jeeily SN Ay 51 6o 08 Ol Cus p 50 5 b e
) 5l eslizal b e ("!}56‘ 011 Sl mcds 5 C""“J’"H‘ ol
S g ilasly Joam 5 |y gl 5 sl | (S S Cunslin VY
il b e (b slos o) iltiee (53l o (Sl canslin S
1) s o 5 A8 o S opl 056 51 Ay ol 5 gigr S [
bl oyl S 516 0l e 4 il g a5ty b oyl
2313 ks dlasl ) 0l e g0 4o Jlee | Joily SN o)) gon
DAz cbgles s e sbble, 51l 501 615 056 )

» c.wf.o‘ S aS aa g .@ig,;ti&bdylwl AP J5ib
G| ket g 5] 30 sy g 5 5 ) 520 0 500y e

) Ul Sl (5 ol VY s

. R(Q) I(A) V(V)
S5 ol BT 5 ol 6 0t 6 S o3l polie VY o - uned e b Jemily SN
BV S T P TSI Jt - VN I JRCIEN . o/\ P
Gl s b dews al 6l W L ol aes e olis ALY IS ; o "
- ab
Sam 056 ol 518 g Sl 5 ok by Jl ol L ' g "
L& Cul (LED) JouS 5 33 0 godl st slodbonny el 51 (S S f 1% \/§
So30 o el M) s O 1050 e Ll T.\ju ;_,T . " "
el VoY Sl a5
I(A)
Lo o P
/%
+f y3
+Y e
VV) "
T | Yot ) S VARV R YV R VA
) 2 il G | 1 0 2 13 505 10 P U3 oS a3 g Ol Jeuiles GNs ) iy 02 g5 G P U
S5 20 S5 ~-\ilig°&£‘35|5wﬂ<WJ;J’“.&Q:?‘@’{GUL‘JO‘-‘GU

£¥



YomYuJUis,
sw\j z:.m)&“-uﬁﬁb .,\‘.Su,a °/Y’°Aj‘j kf‘LlJ’. t\/deng&)‘&)g 3)5 t\fWYggi
ol &S CENTV a5 5 5 g8 i 7 510 Sl i ] i (] el padl (5, S

oy oM

3@)‘-"7“\1:@5)@}&’6& Y_Y %\)}\osm\\g(;ﬂ\:@b

I /YA
o5 e oba ols Ly e &) Caslin 5814l a5 LS o ool Y2Y il 5ho0bss (0

P Or
(=LY ven
k R 0/-Q
I Cwglio 1 ige Jolgs FY
| L | 35 5 bl e e s J5b 4 (S Caslie o 0 S acte S 5 0
L/} —IP .J)\.)&QI)\;}L#
A - ) ;
| v | S) il S o J5b ol 53 e e o S o L5 (6 85 Slmlons 5 23]
e 5 L Jsb & o 5110 JSiD :&T@wgqjjikf\);\ofujw‘(\\_Y
V Jeils M) cou A ca K
.bJ..\fgoIQb“jg R:p% (‘w_‘;)

sl 5 () oo o0 com 1 (A) e gl Conlisa () ot o (1) Blasy 5 01 00
Gy 3355 g0 48 035 Caglin 0l 4 8 P oS 1l 5 el (Q) p‘:‘ g (R)
6%5@%@\;@\)r_?taaagou,‘),»@@,u&;@&\.J};@(Q.m),;‘_@’\
a1 sy 50 g 0 5150 80 1o AU 53 b i 4 2351 S5 35 s losl
P15 e e o 00 F S S 0 g e e (S Caslie Gl S 0
FSe Sl ol sl ol 53 o 5 S anii 14 o o g Sa S 4 ol 5
ol o)l 5 5l 5o Canslie Gl Glians £ 55 00l 5 &chki‘bﬁ

SO bl ol S ol gles ol ol 4 ol K55 cusla
¥ Jsia - ails (60l Sl 855 Cunslin o laile 5 oS sl 55 Caaslie 55
a3 o oS Jde cpl oS sbolen cams o oLis Yo C glas yo |y 5l e 3 555 Canslie
Z}JQJL‘L&QJTS},@,UAASJ;)\;;R.)}:JMu,rﬁsb)j.\;sb.s\y)\gg\m;
35 g Wy e3lg0 5 s sl -l bl

bl 5355 o in o8 o 55 50t o 515 Les i 51 s 8 (slobil 355 o
o5 Caslie by Gl L AlS 5 ope asle lse (B 5ol GBI Lo (LB
Ao lmar ol sbales ) 5 a8 o Sl o 4 @Léft Sogo 4 g2 by o

M;@&LL«)J:\ \) °"‘i*’u’~‘ J.:LAL{»
A



/0 A8 [

Y°OC &uéjb bk}wjad_“_v J}.\?

olis 1) B Sl S cadl a5, JS bl s 5 bbLu, 51
Jabs 8wl YA Tm' dhis e (€2.m)
S8 s m}!»a\sw\&é;)\}g&”béab et
Pl ol gl L b ol 8 O VExy g
Sl 53 e 555k B2l 55 Cuaslie L3 5k oo AR e
p.= AN PQm L L, To= ¥Y:C Y/fx) o 3
L)‘“.‘J"U‘SJJC"‘)U"(*?‘”LS\"JW‘JQ‘LW‘ Y/AXY oA W}ﬂ
MYV o?Qm 4 ¥Yo C sl o 5wl R e
YYo'C bl gl e ;
J S S )9 e 4 9 ):5‘ */VX\O_A u.h\
SG:AA.«\)JJL:- fY" C
ol ol 51 o b 5 i Gl S el Voxe™ ok
\Lﬁ:n.w‘j‘j Y’Y"OCQSLO.)))PW&;A}L&AV_Y ZLA\))‘O.)LOJ.VJ‘L Yxy. s
FEx) ot ) plolinss
R=p£=(9/AX\°7°Q.m)LTZYZYYQ ©
A (r/yxy-"m") Yooxyoh oK
Lh:ww‘j\j Y*OOC LSL“))") UL"JP'.‘.';
¥/Ox) o sl
R=p£=(A/Yx\°_°Q.m)(\/$_2Y:Y‘\Q )
L A (Y/yxye7"m’) N ol
Y/oxY o r';t
" e
V=V oot Vol =y o st g5
T/o\"\'mmlfj\j‘_;)ajégj;@o)ydlwduwlﬁj}wu»‘u@zfm,.ﬂ yor ;%:wv
- B . - - b
Sw\)%otldb;ﬁbwd\ﬂ\oomw)l.c.a 2,ls L FREs
(o.».i;.)}:»)
- SEWITS SIS 3
oo dilus JL".)I‘:MEJL} &;\A}L&J L w)\éw\ﬂa&@,uﬁ gﬁy ‘L:.».«j) : L’i.w’:‘) '“);‘;M)”;‘WMPYY‘J&:"M)-’M—Y

).sd\wdbﬁa.\s}ddlus.u\mu;u\L}awo.\m\shﬂjtd\&\};ﬂ\d”ww\ e
23 1 e 51 13 G sl 5o Sl el 55 e b 0T g 5 551 513 4 szl (6L
SNyl 5o (VWYY JSK) w1y Ca sl Hlade cpl 5L 5 e 13 0l o s

b 1 b gy A T e il 56 (6 s

.;,:Ls.&:xr,.:.?L.;L;glj'sl;umg,uw,&:&l}\;\_\
Y— Rheostat Y_ Potentiometer

\R4



SRV

PP RN

S Al

A B C
Sl Sl Bl (& e gmailn SS ) o b (O b ) S ()5 i (0
1P_p Jsib

i cwloos

b slin K5, 08 J s S 7 g e
sl e s | K ' oS 5 e buylie 31 o5 i g o n b il (las 5 b b lie
R o il 5 5 S50 Y b5 bblus o 3 en S 51 Y pane gl ] iz

Vol N gl b bcuslae opl lade S 0 ad g go,lilial (ol o3Il 5o 1) oS 5 sbCu ks
WY e Gl FLT LS g enls gl ) 68 gt Btae b o2 g i g s
VT e e 8 Sl g G oKy p (G ) el s aia T s, K,
otF (ol K3y Canglin oo K & S b ol 51 J3) die 55 el sad sl

\o® [} e &fﬁ (._,M:\BJ.:.Y,SJ .,\;b.)L;n uLw ‘) C«A}LE.A r}.} F;‘)}Jj\ r.é) «u:;jd\a

T
VoY oy Jslpds
p
Vet A sl o
Ve sllE
ZO Voo @-%
Hio | o sl
AT K : T
W SOl S G lie e (0 S 5 Con gl g0l 1 g g ()

IS el Jlaie dee £ g g RS
NOWH WSS RO TR {4) o}

\— composition resistors

fv



Sl K slip b Wbl S ol llecul sad pabuie e s Gt 0 €V Ojp0k Sl
4ol 15 058 (0 JS) &8 o atedie 303 s 1) Gl G e 51 Gl Slone jlke 5 3 g g 0ual ' il
G 33 il 5 Bl & 0,8 0 s by 8y g |y Cangli o S5y Sloil g3 1 -l s Yo il 5l o sli

5t ol & o G 31 bl 4 55,815 el

By g5y pols sCu 5l
35135 J gane S S licun ylin b los g of S SN o glie Sty o ol Canglin 31 8.5 gt 5+ T gamat 5
o3 ool gides 3 33 0o 5 o 565 420 st e 5110 53> S 41 e 51
Sl Sebn 5 4G5 1o o Sess Wil gl s & 2,15 sz Sl JS 5 65 0 w3l S S sll 53 b s 5
.(‘,;)J\Lgbg}&:)

oo ) s 5
(————

e—
Sed ) et

B (s ) guna j w31 g5 (O S sl g3 6T 3 5 e 5 k> ) (2 b (il
S ol g ot sl 55 o S Canslin o Cal Canglin 85 45y 5 Canslio: (LDR) "5 53 s ian slie Y
3515 gad] K i oylin S0, 55 85 LDR S Ntn -3 i g0 atudlS o o glin 1oy 5 o e 551 L oS (5 gb g 5
s e pallic oy o 5110 g L 131 g 5 - s gt bl b T ot i 5555 508 Jlon 3
o 1y QBLDR pim S 1S Canglin o [t Neta 5 g o il LT o glie 5l sbiionals 3 Stk el 591 L S dizen
o bcuslis plols 53 & K6 5 LDR s 5l 6 5 g0l & S - a3 g0 0l (3 90 0 ez LUX I L &) 8yl
s ol ) (SR b s

SN by, oWy

PL2T

u,b..nJl.\al.wl):J:LDR:b( LDR»J|6J_.,4J 6‘,}@&2‘})%«:1“}&(%)
F5LDRS

\ —Tolerance
o3 & lus Canylas (sline 4 Thermal Sensetive Resistor & ,le 5| 4 S , ‘Thermistor —Y

Y_ Photoresistor ¥ _ Light Dependent Resistor O— Ilumination

fA



¥ S 5L SGLDR ) iz ol lae S (o
-3 3 58 o 3 ) LED ¥ ol 5, § ) 2 g i 55 4 - LED

R—

4

2

+y

P e ok cer K s (2
gt O e ple Ao

kAl

Jeup U-’»ﬂ S (2

0l 3L S LED & 51 g pai (3

wyl}sz&;bjjﬁmY4§@K&UW‘aMMLED
Sl S TED

S dox 51 SSUS Olgad 50 BLDR S35 4l 5l
&L;.w)) d\bt‘f} ‘)\53}5- dLbb-\:\ngug bhﬁ?)j) ‘US,SJJ“&“
3 i g o2l gl

55 ol 5 o8 p oS ol (slaskad 5 g5 s s s Y

53 0l Cglin 5 b3 5 g S35 1y Gl S
Loss oJds et cual 52l s il o 0l s 5l
i b ol 8,8 o 50 0l 84S eSS ol gt 4 2
sl cpl 5o O s e ol SSU lalas 5o D

%.ﬁ)xsaﬁaj‘X\j@Olﬁﬁé»Qw‘:’w b e

e S s LS s s ol GJQJJS:L,, sl lae
Slomomad 0 g o gels Y 5 A4S i) e Sl 510k
- g o solaza! mﬂ.:w LS‘L“UL.’.J"

dh:y:\@jdjdjﬂ)'\éAf)éﬂ.sé;\]&t\j\\boya
Lh.)ﬁ.)a‘).) .u\h.)@ul—.«a ‘)éﬂ\db)‘u\ﬁ).}u‘)lﬂa)LED
SILED W 51 ol ym s b 5 gr eslial bl )
254 S 551 51 olia iul s 5 48 0 JeS 5 5 5
JoS55 ) i ) & Ul os ¢ 5 4 a2 g s
sl 1 3G g3 51 157 o LED 3l

\— Diode

4

Y_ Light Emitting Diode



L5l g (9 7SI &5 yn0 59 38 T

il e i)l 4 \,g,;\l:cwl)'Lg‘,alwg&qw)'cb;\gl@jwd\j
a5 g o 1y (im0 planil 5 il ol 1y 23V 1S il 350 Ol
Sl U s e (S sl S 5150 1 (Sl sl sl (VP JS)
b5 il 5 o0 D nl oS 1 amaily OIS gl e 50 g Sl p3Y 0500 5155 2L
ok (S b s, 8 (leu'\le“sg\b%)m%‘e dgm rl’.v"djle wile glbdlans
LSL‘*C«'-‘ J}m@*«‘géﬂ‘ﬁfu S pus S ool Hlae G 5o Sl )
5 e i S8 slal ol 631 15T (s 5l 45) (S S0 58 e 55,0
AVELY JS) S 8ol o b AU b

ol s s

o0—o
A Yl’f ML’.‘.‘J
I I £
- st >
&
ol Jemiley

213100 G gl p Y 55 ol Al o jsboles 1iE b Jsib
S b L0k 2 Se 0150 )2 3V 655 58 AL S

L SAIE i 655 gt S 53 S iy DIl 615 5 655
551 ol i Ll T s o sle 5o S o 5k Moo bl o s 4 iz 6o )18 5 5L
S sk ¢ 30 S Sy 3l 0 Lgr a3 0 75 el 55 & gloasst sl ST 3 b 511,
1SS e (555 sla e 515 Koo sl g SSI ol go 5 (5o 05
@l‘j‘ AgLl e r&* S S5 s xS 531, V0-Y JS (Sl Sl
Sop g & S 255150 CS okl 3 15 0l s o plmil 0l 5, AW 11 6,8
LALL & 28 Jansilt LELL 511, 016 s ga plonil coite (S Sk sy (6,5 (S SIS
T3 g i 5 Akl | sl (emf) ) SSU I n 6,0 Mool 05 s il

_AW
="Ag (Y-Y)

Sl (V) &5 g ¢ (S8 il 33 1S, et (S 81 i (65 6 S 515

PSS LS Cunlian ol il VOV Nz 6 5L S8 e 55,8 ST e -(VVEVINC)

| uh,-{vﬁ\ el G351 s cnl a5 o e plail JENV0T 3,58 SIS s
s g 31V

&

\— Electromotive Force
oy 61514 6351 oS S ol e 8L 1 5 5 emF |5 il alial 351 (S SIS e (555 o8 S dm 5 Y

i R% |z

Bl gl b S0 _p g5
s po VU 4 ploe | ol s &
30l 0Bk ohp case 5 K 4 o
3 A g (§ 35 7, R 53) 5y

pram—
I

S Bl e S 1op Jab
Spa gop poe R oCaslin fels
L) e 5 € S



Y=Vicudlad
.@\ﬁ»gdgwcwdjébdg.mww)\&é..\_;SCMJ;))@”JSA:

—G C«!L&r\JS)JAy\}mdbéduucmdjdg‘)d)&b}b})})ﬁ“bww
@ — | ..u.»_.a\,s.l;,zh.\sy@\a,wwlwb\,;

5 e S Jeusily S 1 by azs U TL L SSIE e 5 5 5o po

AV=¢& oY)

S 3bssles 5 a1 (ails b Gl D) o (558 e Sl Jeuily SO Y pons
s o ols VLAV glag

olte $ols o5l g (SIS e 558 Slopia 5 3,10 5525 il o Sl s
S s el 2l asmy ok Sl s eslie Ll s e tamea (1) sl
8 55, 5 Olina 1 3l e S LT (ALY o Jomiliy S 03,380 bia ol 5]
s o ol SO sl o \)45,»6}),;@.:.‘:\.‘;\?_\'&&.; el S

- =< - ~

e A Gllae s 10 b gsh oy, (g8 roVa b/ T |£\\ a b & a
T X ) = [—A\AA—+o —AAMNV -

o | bl (K e g5 0 \ / \ | J [¥

L) s o 1) (Al slops 5 () S . - ()

R ) R ()

_3gzﬁﬂd}ﬂLgfé‘\}:\gjmdjﬂr&‘)\sbaué‘ﬂ‘)\k&‘)b
bl ol G (VLY k) ol ok 4zl R gl S 5 7 Lol o

ol gr oty 5 Bl 5 e

V=&-1Ir (7_Y)

Mbu)&»\w\jb .W\bﬁ&)R@}&ﬂﬂ).&d{d}l{ﬂja\V_Yng.:)‘v\n).}
:f,i)\.)%;;):.g;w\j\j(V=IR)C¢.A)U¢J«).>J.:..JQJ)&$H€(V=éa—fr)djtgﬁy
&—Ir=1IR

Joli sl glae 1V_p Jsib s
R Cuylie 5 )50 5L SS
= R‘g (V_Y)
+7r

0\



S plo i Col g,

sl s sy aile (S S “’J\Hﬂ— sl 2l

S g a3l 0> s ST a5 Sl b
S5 g 5 b itatb 005 e g b 2S5 S
A ol vty S e o]
39 loolas o amop ol Sy o lagum 5 ol 00
ai g ool Glays aolis 1, SSU e ol ) Gb\f
S sl Sod cal Sy o Sliys S p 5 e ] S

28 Sl Sy S o g0 S (S gy s S S

o 2 AN ok 2 5]

3 g8 e Ol /o0 NA ) S
b S i e ol

395 bl adliae gole & ol ofoVA b ofe o)A
bz 25 ) G 5|

13 g S P e 12,5 i 51 51

il gl 51 i Sl

a5l o 5S4 s 3

S g o 8

/OAL /N A

ol v 5 a6

il § 5 LS S, S

s

Sl 0,9, o 53, o0 9285, B 20N, ol 92

ok 058 518 Jamiliy eVl g 51l 53 5]
S AN Caslin 4 ol a1k 3,58 o o 51 S S
Congy do p ol G gy d;‘at’l:.u.;AS 3l u;..\.w O
b g Gy ST 5 0l iy Canslin el 58is
o o g 0 S UL 5 il sy 5L o oi 5 eibo b e
S5 o 0l 51 SU s Hlaie 555 0 a8 Canglia il
o) 2 it Sl i f ead & S e (AR O |
BU)@*Lu‘d-\f}‘d\woﬁ)-\*ﬂeww“e‘ﬁ\t‘u“?'
238 63 0 3 6343 a0l 2908 53 2> ol
ol cadl oa oS 55 Sl g iy g0l 53 3 S s
S e 3 98 S o cagn & ail ol gl $1 e
2 o ooy il sby Sl dilae S S sl S
2 i gt 05 Dl i opl el osli] Gle saaly

AU S gt Jlia 53 sl Slaas (58 o oSz

B it g 4 Sl S el S5 5,58 on a5 SUSI S gt S 53 S b 1ol i Sl
33lgm 3k 3 1wl g g8y 51 Sl sla o ) sbay 350 il B s 03l m B 53 s Ml
S Lol 51 o 51V e a0 0 Sy e b (o sl ot (SIS 5 5155 S 0 Y e

s o ol 1 o

oy



£V Jle,
.ML_R:f/"Q)T:Y/°Qng:\YV¢§y})JQ})JSJ)‘M)J

helona 15 5k s Jruily ST (0 Sl i Sl 51655 0 ()
S
S Pl VY el 4 L (1 el

I = é = ‘v :V/°A
R+r ¥[-Q+Y/-Q

bl 2 5L s Jamailsy B3I 7Y dlasl ) 5ol s (o

L V=E—Ir=\YV—(Y/-A)(Y/Q)=AV

(S, ,,5), ¥ =Y, cudlod
x\}:daéc,w\QTJ‘,\;@,&)\.\LJJEMMW;,}; LS ol
Sl ol a3 S sl ol Sl i B 5 55k sl gl S0 51 S
S S5 s S5 S ool e (5L S il s 6,510
2l oS o5 G S Sl [ So S ¥ b Canlin S 5 Juos 5 ot
S o311 6 b e 93 W 050 S s 5 o o80T 5 S 05101 Eds S b 90 515 g
ol P Al 31 alial b 58T S5 051 il S S8 4l 351,510 51 6508 0l ol ) 53 i
Sl 1 Canslie 5358 g0 00litenl it Cun e G 51 Y game 5580 (6 S 0511 S s andl) S dalona | g L sl

3 plaxil o3 gue b (5 b 81 b S s 5 67 80k S 1 G55 gk domons (50181 ki

v . 55 syl 43 (ylgi =Y

WES ‘sl S S Gl 5 ols 5 il sl gbdal, APty 055
L =0 O b sl 5l Jald sl & s o 0l 1) (STl 651 g VALY IS
) Tl om e b o el i o bl o e ST il 5 K S

GW oS jlaeeir Sy IAP S SO e e o b 5o 25, b AL 4 a 8Ll STAY Jeuily ST S £ ol
el lppilmpomdeds s ) s Sl S8 oly b5l cwl AU=qAV L 1, Jas! sl s gL Jesly
Pl 5l s el 51 5 r&b 75 S el

p_AY_dAV =(2)AV=IAV
t t t
s o oL VEAV o 5lussl  shatea |, b ya gl Jowils Gy yane
('i)\'bu'i\jl")
P=1IV (A-Y)

oY



(V) Jously G 5 (A) ol o (1) 5l (W) Ol (P 015 sl 0 0
Aoy 51 L s 5L ) S pra 53,8 s Gl olge el ol el (V) &y e
oS elizal o by (S S oy S o slie Mae) S G oae

Sbcuslie Gl ALY o), il &S sbolen s Cunslin S 3 (b e S S o) 5
Vs daly ol 5o cul G uslin s 05 dlons 1 ol 135 55 (S8
:mSDJuJM\(R=WI)C~A)Uu@’J£ZL{\))"

Y
Py =1V=I(RD=RI"=—
A )
V"
Pw@:IV:RIY:? (1Y)

LS‘)L"’J.\U‘};(J‘ JJJ‘?L;‘U“’)\\O/OAUL‘J’"F‘:SJ"’)YYOVJt‘“’t’d)k""’bgjjd)t’““siﬂ))@é}
il by 00 Col Oly kS o (61514 b s (5 Cand 5 S S 55,5 53 ¥/ ch ety w2l S1(0 Sl >

3y g i (6 5l5u 0] G e ola S 4
3 g o SO s 0l A=Y el & b (Gl jeuly
P=TV=(\e/cA)YY-V)=Y/Yox\ "W =Y/Y kW
S5 5l (8) 4ol 5 £0 (W) Oly o 5y P SIS i 5 & 5505 g0 Pt 1 (65w e 6551 (0
S o () Sl 1 15 (RW) Dl S o 15 P 5 pn el 515 Ll 0 5 0 (1) o5 o 3 20
OVKWh=(Ye oo D)(F80 05)=Y/9x) < T) 5 pui g0 (KWh) Sl Ol 518 oy o o S S 655 el
) bl 0ol 5o olu 3 m2e 6551
U= Pt =(Y/Y-kW)(Ye x ¥/ooh) = \AAkWh
Do s e ol 53 OB ol (e 65 sl a0

.L‘n
L le: = (VAAKWR)(D * ‘lﬁh)ﬂa%u;

AT

{

slob o bugonsals 6L’J§ b e 0l dss 056

el RIEL 1, by Sae yo R Cuslin K5l 6,0
)-"SC"ML‘;&&‘-:WL‘;J)JQO‘)?@ boslel
o3l gl Sl 5 S Gl g Wil ol L o Sy
J‘..l\.»ﬂ L'J'l\ ‘;}/&n ;)L.)a LW Y PR W ng P

oY



B cullel
ibsly Py = VIR Syl 3laskisel b e - 2 (5 So311 1
.,\:.SM\:MUM))C'JL)J \)J@)\l‘ tw\jd})f_)w
bA:r.:.“egCMw\Q)LOJA ohww)\ﬂabowdﬁgw\.ﬂ)l.ﬁu \J:-

.J.chgu.i})b? ¢°A}J§L5)§)¢"‘g).\u“i

[ (A | WY
T o a Ol(escalin o e ol (Al S e oy ol sl 1
‘\\r:\’/°Q 8:w\f/" Y TWAEDS 5 c.Sj"L. I
Il ~~~~~~~~~~~~ ATI :Pg‘)}YL’d&;Mbﬂv_Y;LJ“)J‘\oJU;&w\l{‘)&hﬁtm(gﬁ\léﬁvb
I= = =Y/-A
R=¥-0 R+r ¥/-Q+Y/-Q

Doy g o R Caslie B ol 5 o 58]
P .=RI"=(Y/-Q)(Y/-A)" =\sW
VEW im ol ¥ Canglin e 0l 5 b 3l 65k g ST 0l 8 ol b (5 5] (Saaal 5l eoliznl L (0
Fe QU 8 eians ) sba ol 5 1) pl Jl I Lo s o
V= €= Ir=\Y/-V=(Y/A\Y/-Q) =NV
P

L Silba A

= IV, = (Y[-A)A V) =) $W

Bewslio wuf 5 Py
o,y aile bds ool 51 put oo o (SO olaas 1551 50 e sl
Slaylas sl 5 ol asle (¢ oo (S ey b a5 oSS a5
A 50 15 buslie 51 oS 548 ol 3Y i )3 110 G slie i A2l s
Gl sl o 551 S loolin & 55 095 0 B b Gl 2 o S e 5l lans ;. S
‘_;,:SJJ‘)\»J:l,dolf.\ig}\\A%Y:\:,.:))JS&J&@,LL;&Q\};;Q%\J}QLMS
& 5L 0o S 8 Ll il saoy Sl cul (Sae BCuslin S5 sl 3 cl
bowslie g8y . s5lse gcuslin 5 Jgw cbcusli : cul oslu jlaw S 5 ol 5]
Joles Cunslie S ol 5 o 1 Wl il o e 55 2 51 (oS5 L 51 b e Jlsta , 5ba

00



Jolee Canslie 15 0 48 Sl 5 w3l g g o cnl & it ol 5o S oSl
o8 o 1y bewslie 5l WS 5

& g sboa & s o olti 1y S plie s VALY IS0 s s lie ) g0 (s o0 &
e Lo, (g 3515 48 dm 5 Slosd a6 (SIS e 655 L Gl LS
‘w\dﬁgj\wé.b@}uaQMM&L@@«J\}:A».>)|.A3Lb¢.a3\.5.arﬁ~)°§d}§s?43
a6 gmn ol pss &V Jeily G35 sl il 5 gy LT e o S Sosba
255 TOLSS ol o sl das 51 b slie Jlsi i 5o - il sid Jlesl b lae ;)
Sl (Ko s 1l ol 51 il sbodlal s |y gl ST ke 4 S
Conslin S L ol 5 oo Sloads diay Jgie jsba 15 placuslin Lm0 ol | Sl
o an slie Ao yoen oo 35 4 s Jlae ] S Jowsly 3Dl et (61,158 5 § o Rl R, Jolas
el Tl o olen

S il ) a3 o gl B a5 4y 0t Jlas ] J6 Jonily, 35
b s ok dmlows tiﬂqoj;f\ V=€ =V+ Vi+ Vi cbbuslas oo
0o plpaam sl bewslie SIS p sl (R =V/1) S8 caslie iy o 6,858 4

.fg‘)‘.bl@;“‘ub‘f
V=& =1IR,+ IR+ IR,
s 0
&
I=——
R+ R + R
Oy ¢ Jolas Cunglie iy 5 L
Req = R\ + Ry + Ry

Slo SIS cul g 38 ool Yo ¥ U Jolaa lae L gl 1, VA2Y Sl
:Ajdw.wp‘%\))‘\l.@u:hu@)ﬁa‘mdbw\a‘)\}u@)wn‘@)wm

Reg=R\+ Ryt Ret--+ R, (Yo_Y)

Canslin 1 3855 gl Jolas Canslin cilonst s Jlgin 5 sba b slin 85 48 4oy
gl 5 S p

sba oS Cuslie aw 19050
ez Gl )T 5L S o se

o

4 R
S

a

VALY JSKs Jales e Pop 5
chC«-ﬁJUA‘J’Qﬂ)L&MOIJéls

Y=Y o903

Sl Jlsu o) son G;“ﬂ"h-sﬂ‘ﬂa‘!‘;")u"““‘))‘i}) JS
Jolae Caslin F1 (3] gt al) ol oo i sl Canglin 5 o Jooy
&:w\).\b Rrﬂ;\‘)u‘ (gﬂ.“:..\mla \“/°QLJ¢\JJ R‘,) R‘, sR\LSLbCaA}u.a

i 5 s 015 (0 s ooty b oo LS i el S 15 Gl (0

S Cann

of



YoV Jbs,

Ry
m&b(@ o s Ol R sgea Canslin 6, Se3100 Gy 1y 6l 5, JS
ey Canslin ans ol 1y /Yo A gyl 5 Y¥/0 Vil jlae pl )3 08
R~‘§ @ sl Cesty [y R Cuglin . Cand Ry =1/ 0 i sl Caglin y By = Vo o\ o'Q)
i o s Jnily NS 5 oty 2 4 st bt Ry 5 R 5ol : el
L ssba s ol |y o /Yo Aol o i el U 4 ar 5Ll YE0 VL 14 g
Pl o/Yoo A 1 s Caslis 5o onl 3165 Ol o il sad dtay R slin gy Jl g

_)}M,@R:\\QQ bj\jJ%@)uaw‘RA:\/°°Q)Req=R+RA&.\A‘.4’.'}:\i

oS Cunslie aw Juls g lue PIP Jaib
g b ya gbabl 4 g5l O s0n

Sloas

ov

\{,m Sl 5Ws ol s ol c”;)‘f_“ il S i db iy G i
TR S O1F B adl b o b i el S Caslie izas 0k okl g yuins ) 5b 4
¢M4£}%YLJLA)JASJ}L(JL&Q ~-'\-°-'\3J:-:4°M\))\-Vd\j"dliﬁwrw)}l’“)\-\ﬂjﬁ
e & a3 o ol ) S lae SV St )50 O poty a5l i
S A 5 - ot iy € (S SIS e 55 b Sl 5L S 650 0 st Canslie
dt;ua.g«d)‘\yo)rpg»&\gts)\.\;bg;.a,l}.aFW)OKQ}{?Q@\,\;?LLJ)\«LQ\}A»Z}\)
b slin 51K ol sl s Jlasl b slin o) s a Vol& Jawsily SN
P 1300 s 53 VESy Jawily GO
V=E=K=V,=V;
&l 3508 o bcuslie 318 el JS ol 5 V sl GMs | ples s 1y10 5 8 o0 Sl
bargl (,,..SU,. ooz b Les oIy I T gl o om iy cudu Ry s ke o8l
aw‘\edw»)b‘N;C-«-’:)\-\*wbszﬂN‘ﬁ&d}h@*&é\:u&}&”)@uﬁw\a

Pl ol cwd ol ples gl as L
I:I\+I\‘+I‘~ f""')"Lﬁ'j~ (S5 ! Q)J@))Jd)}.‘.c)‘

: pa»hw-"*e byl 31 S 5l se sl ~ m"‘}:g‘ Cunglie iy o 510 B b 5

A
R, By Ry
P Cwils m.a\)sd\.}:\bln 2ol plasls 3L
I:V(L+L+L)



L 31 5 5 50 fﬂ% oS Bl Ry sl b 1, biuslis 53l a5 3] ,

! JORTNPUNJFR fe l’
IR ;
Req Ry Ry R, ALY S Jolee Jlae Ph_p JSib
Pt 20 daly a5l cuslia ngly JS s o o ale Ry oJsles Conslin o] 53 48
.C«w‘bMerR\-&R\dqujua
VL .
Ryq R R, R R, a
0S b g3 g o oot YT 2Y US Jolen Hlae 4 VALY S los A\+A'

W Joben o glin g b o & (65130 05 g0t Cunslis ain o 0
Sl gyl &S5 01 3 3 5m g0 Syl 51 S p 5l i SS S
Lol 15 g ol S b 3leogelin o 4 ) 51 S0 &
s ) Ay 5 A, sloplaie o b b 20 5 Gl ZYY_Y Sl
ol O IYLY S s il Jeas OIAL G 4 5l ) sba S aas (U) .

o b sl e by TR Sl e S S V00 L e iy g3
G U5 s Ol el 0581l Sl A 53 0l slogdae oo b IS Json ] e 1) 530 s s o el
S 7S Cslba o £ Aol b s s B 5T 2 bl 5o S

353 FSOL A 53 51 p bt 5 Ol Gl b Cod

AmYe S0
L sl o poa L E=VYV Jeily M| Sl T Sy a0, U5
lf\ lfv Conslie 51 6y Ol () 45 o Jlas] By= /-0 5 By = ¥/oQ2
s §R\ §Rv Sl i 3,88 o 5L 1S S (o
i 4 1) Ry Caglio 5 Ry Canslin 6 5L 516058 0k JSE Gillas = sy

.(ﬁ\ba\é UL‘“ I")I\ ¢IL

& YV
=g =IR=>I=%=—"=¥/-A
Vv, By =1, R Y0
& \YV
=é=ILR=>l=2=——"=Y/-A
Vs vl R, $/-Q

reol sl o tbar sl (o
L I=L+L=Y/-A+Y/-A=0/-A

7Y cudlad
o Al gl Gl b s 1 el 6ol Bl sy ity ALY Jle Sl sl 6l

S gy L~

OA



I, 5».)(5‘):\°°V‘e@bj§iﬂ\xﬁ*d}f@*=§i&u5‘u)‘e))Jg\“’V)‘-M
.%ﬁﬁ)&s@\R\:\°°kQL@)m
P mass R, ) ey | g 3l o ol (
- JJ\A&CM}U.&sJ}JMR\@}L&ﬁ).}QdJ\}A)}LQRY:\°/°MQQA}L&4J§\(9
SJ)K@@*}\QQJ’:‘\{)J}J@)-\%)‘#
:PU\:Q)LLQJ;J}\»L&:“\\.:(J\:&“Q
. §R =L OV s TAS Ve mA
VoV LY taols WY Aol sleolizal b (o
Req Ry, Ry
dngl )3
P _(\ux\o’“g)(\o/ex\fsz):Wom

URFRy Veox)o QY e/ox) T Q
bl 2l e 510 Ol el e

& N0V

Ryq  4/4-xVo" Q

(Re>> R,) Cansl o3 Canslin 31 5855 o bcaaglin 1 S8 Sl ] 3 Jolas o slin i 0 o sbilen
ol (R) 5SS Canglia b ), L5

=V/0Yx) - T A=1/0YmMA

L

¥ Y 9908
SO 24 bl c’wﬂi ol 4 5ln Cunslin a5y, S s
Re=s o0 il VEQ S5 ol Jolas sl 1 silond Joos 65 S
N Sty |y a3 oo L5 gt ] & Gl (0 Suml jin Ry ooyl ()
<A> Sl s 65 25 018 (0 -l
P T
ARSVWAL
\|\ 7‘:\/:9//
" -Y JL;‘?—

(é&}‘))‘w&}‘*oOWC)}A@MQ&J&‘*OOOW‘}'JEL;)\A{&‘\OOWL;\W)‘TAY‘S"
84 Juoy YY oV (S S sl G a0 4 S 3l YY 0o W

Saup Ly 5sm L1 eaiS Joos 1) VOA ol dilsn Slos i el VOA IS5 558 S1(l

gl 5N 5 e S S bl g g b 1y Jolae Cunslin g uan S SU1 g b ol (0

04



ﬂ uowdﬂhJ)bgjwjémwﬁmjﬁé)}uu(gﬁj\‘CwLJ

1 g b ln 5 5l ose IS Ol nl s s o haie 5150 Lsba
r I= PV, eslizal b cadbbonSo s 51 Sp 5l ome sbob >
@

| i | ol o
— -

I V:Q:ﬂ:o/fOOA

e 1% YYV

_ prd
AL .
| Ty YY oV

P Yo oW
J .. == =./9-9A
o 1% YYV

_ Pla.  YYeoW

: =\/-A
i Vv YY-V

bl 2l 558 Sl some S 0l a2l
L= o= Lt st Lo Den
= /YOOA+1/° A A+°/8 4 A+\ /- A=Y /DA

.L}]f}}:.;A&ﬁéﬁ)‘)&g‘&@sw)\hxfdjb&\)a el ga 5 il L LGl VOA 58 05

Sa ooy sba |y (B n dlas bl (oS oolizal 3 day i 5ol s sba wsl g Kol sl 0l 1 555 4
N;)K&ﬂ‘)ﬁédu)‘#)m&y))‘h

\\-Y&‘)J‘J&wdubwdﬂ‘_]alaa@}w ‘U‘l‘jl’“ &}m@&ﬁdbd}‘}ﬂ)}l’h\hawuﬂiﬁbsrﬁ-\p(u

Caslin oS aplons 681 bt 1 ooy 51 S p ol el 23Y ol dinlons 515 11l - ] 0 oo

B Y
ol o 4 ol b e Gy P :% ol 5l oolizel L osiiS G5 e

A ARY) VY (ryev)
T P Yoo W S T W
Y Y Y Y
-\ vV YY-V
R, .= Vo _("V) /. g Ry = _YV) _vevg
Pl YYeeW P, YooW
J}M@M\:uuwkj;l.uw,l.uw
\ \ \ \ \
—= + + + =
REQ Rw\l Rd)léu S Rﬂw
\ \ \ \

= + + + =o/qy.Q"
FAYQ YF/YQ YFYQ YY/-Q

P gn 0 e Jolas Caslin B ol g icpl ) R =V VO Q N /AQ a5
AR\

s " Ry Vo IVOQ

=¥/0-kW



oS denalin BoaiS 06 jee 512 S0l gazma b ) dnt ol bl 53 0 055
L@‘j\juoddﬂu‘jtj&m

:\o0W+YoooW+YooW+YYooW:fbooW

PJs:P.,ﬁ +€J"'~.+€“é~,,+§,w~
L sl ol Canslin 8 e o)l 5 lad
AAJES) A [ -
R'Q/:vxwog 0490 J5-~ Sl o
Jolae canslie (1

///,_A\‘\((;: q/.V [
\\\ /’I .A:.SM‘;U b RY)R\ LS\AQA}U.A)\A.\UJ.?QL"J»(U
@ @)U.o‘.»\DMJ,.;,P.&LL;)\,:R,,,Rugh‘;.e)\ia(d\'c‘jb

oo By 1, 6 Joke

D g B (TR
R+R.  Y/[Q+5/-Q

Ry Ry Ry
o gr 0k Ry b1 Ll olae sl -l Juos aa b Jlsie Ry Caslie 5 Ry Jolas o sli
R.= R+Ry =Y/ Q+Y/-Q=0/-Q
iy ol sk Sl V=Y a5l esliaal b (o
& /v “\/8A

I: =
Reg+r  01-Q+\/-Q

SReq=0-0 oyl o s gl 5 Ry Jolas sl o554 510,88 0l

A Wl Joles gl ol o b s gl 510,08 ol 2 wila g (0

()
‘o e

L=l,=I=1=1I,=\/0A
@)&)U)L@)mﬁ)u}¢d)\ydu@)ua).>ry‘3@ .ﬁ)}i@@)d{‘) V‘M¢LQ.})}TMJQL§\J¢.
Zr..gl.y ‘) V‘,.c,uﬂ\@flsd.l\jl.gj.v,: wa G:Mﬂ‘j\jd.)l&‘

Vie = Ry L = (Y/2Q)(V/OA) =¥/ V
rols Iy b g A o

oY Ve VIV
"R, R, YIQ

£



) o o Jizta JS s (Gl Al ) 5 osbized |

015 (0 5 3 s 453 L sin 0l (0 0o
.J{)}TCA«IJQ \) o/Y °S yo DMJ‘)‘\'GS‘J:S“

bv\ﬂ’i’ﬂ:ﬂw-’h.j‘) J).'\a- c_L’b svb\u}:u é?bé'wb)’i))

/fY f/f Y
/7A \ f
o/¥Y 4/. 0
/YO No/o 4

Ole Sl G231 5 A8 ey | 0l 2 s 5 5 )l 5

Q}U}\Q;L&wbujd\a;)w4.-:).3.\._..250,961.»3
.J.:S@d);:e,f.h\

uLwB)AdLLw))Jd‘J; \)I—V)\.)}uj‘)dﬁw

I

|4

oS5 Canglin 3 o Jotgs P

S Jsb 5 diloas ann bl osle S 51 6 bl 50
Ul el Ve mm Jhin 6 5 e A bl 0
dls.btw,\‘/omm@)ut&:quﬂs.}:d\ng
Sbluy Caslan 5w A Ul Cuslis .conl V/e mm
il B

Sl sl gl &8, oo bomibe 5o
s(e/ohcm Js) Yo Sﬁwdhf,ﬁ)‘\\‘bmb
\?EJ«;JJW&L&M)\)@Y} sl sl
|y e Can e o5 ot b S a oozl (/) Yom as)
S Canslin ()15 & S o8 ol (San & Ll b

! 36 9 SS9 S Canglio (9 WS b 2 Y g 1Y

(<)
)f/°Vw\jf~}J&}g‘~dudw}‘j’)g}§.w)‘M)J
OS] s law d 4285 0 Sde s Ll /o Q2 o Canslia

25 GBS Opman (Jy3) (3 & S A e
Jos p 4 (o JS) aslian b () JSa) asligs b
SJ@J@C)A’-&P‘:}S

@) =

Soad 5 SUSI ol 5l Jie s 3l
Cou 555 VoxV o' o5 i3l S s ccwl and
g gnalilo/¥ o5 gla353k e O/oxY o'V feuilysdas |

4



S P SI s sl 30 Gyl O=Y

iy Job 5 o 8 o Sl s slasdy cuY o
Y & 5l Fens B Y & Jy il ol !
P8 g Joy S 55 4 Y 555 ol A
o sos el s n oy

olg 5 554 by polael (S Sl glodns )
25 ey 33 S5 0 gk 0 il 5
Sl de il slsn b Wl 6 5 4 Jhai! sl e ()
s )5 255 51,
el i oy Sl s Ay 2 (SO SI Canslie (0

‘},gd;;A;f;°W‘YY°V
SO e PR N N i P
iy ST el A (535, S p 8 08 25 5

J.mla OJ)) C«J)YY"

Sl hdews p e ols) Sl kWhais (5, ¥)

@:‘3&5):‘ AW YYoV

G pe

el Ol S 2,15 5l r‘-*s Aoyl (o

£ gk gn i e (8,550 S o ple 500

| Ul Ols Voo cu¥ S al p b g s Sl (o

L}E°b~§m}}3’)-’ S ey o o el Y o 4

§5 g g0 b s Lol S 6551 cela Ol g olS s
Conslin 5 (S SIE s 58 (5 S50

<k
N

2 ~
/ \\
1 & r \
— —AAA——
\ 1
\ 7/
\ ,/

FY

S sl (0 Sl Haia S50ma opdle (5 20 Vo e
| hmmdba) Sl jdi g3 adle (6 20 Vo -

(-8 B, ¥eC
Monall 'P‘

Ll g (59 S &5 y2m0 (9 ¥
Caslin S50 6l (Sl 3lacplin S 5SS
e 2 o 52 &8 s ol 1y SIS e 65,6
gl SV L)) 51 by 5 ol a6 )lod
Dbt o VL 4 0)l50 Gugnn 5 i g By Slocsd
S a5 ) (Sl sl ol 6 5k 0l S5

MM)‘*%gﬁﬁg&jgeﬁﬁ\)dj\eJﬂ
CM)LEA 5&, G;';} el VYV Jf\j e 89 Jtawka
S o 55 Jomily BN 03 5 i gL 21 4V 0/ Q

S 15 o ke gy 5 gl 25 IS0

SJJ.b.)do

E=¢[-\V

r=°/0°Q
//// \\\
1 1

A i >
gR:\ 160

K

9—©&



Sl i il Ao
VY Jemily GVl 4 5 ity 0 S0 4 5310, sba
ga)fd@}uﬁﬁ)‘dlifbuhﬁ).)F:.S@Jaé}

o osba VY 5 sl #0650 Cuslan o
£ garen 58] -l o ey pad | Vo Can gl S 4
o155 s s YF Lol LS so a1 b sl
0 gl 1y gal $10 Gl 53 b e

Y 2 51 Gl de o ki S By 5 IS )

$5,8 slaze
f/-Q . ?

Y/-Q #1-Q

/K

-
\AV
(el G oy 51 G ] Sae) S0

L
A B C
® 02 ®

_./._
b S 700 55151 4 C g JeasliMuas (o0
700 351514 B s A s gl Jeusliidasl 51 S p (0
cab g il )
S3le osbay a8 G e dan ( J3le (S om0
LS)L;U.‘—%.)\OOWLS‘M.)‘T"Y@‘\AQOW(J:*" “)
SV S S s 5l S sy 4 VN oo W
LT slosss Jos 48 Joows 1, VOA ol 2 il 5 a5 1t
e b2 g 5508 0 ol oS O e S 5

L=0/00A 15l a0l s oly € 1) pie Jools

Wl VYW L=V oA sl a5 40 W ),

05 )38 3l o 6 7 e 33 Jpmiliy ST s 50 (0
\

S ey 15 0 5]

Bwglio cuS 3 P

Juaze Jlsapsba gy o Sl
S b oSS a 035 g LY 31 S 51 sl
L--)Q‘*}’?dut\ﬁ))ﬁf’dut\ﬁi@\ﬁw
EPS P SIP 2

)‘v‘ﬂ&ﬁdkﬁd;ﬁb}‘vﬁ\6‘;@#1@@)\3‘
b el o i 1S3 0l b il 58 ab
Sl o 4 S0 el 03l L1351 U oL~

@olam Jlae S o
465150 sk 4wl Y
Y oy ol Juats o2
g - Swlol a8l
N BadS aas b S 0
S gosas s K5l

ol Gt AP c‘*ﬂi
sl osb 4 L) R gl Cuslin b Y 5o

Su)@)bf‘)wiﬁpﬂ-\%@ﬁ@@dﬂf»l’ 4 Kok
éd)\}adl»))owufmg‘jw [.._.S@Ja.a} V
gr‘.;\gc:bla_)d)\}dhnv\:\bv\«w

41



9 b lao
bl g iSJY

Y

b lez6)193)d 305 Aighe) Olelb | 3,6 «a33350.5 ) 19AC) (5 (8513 19)d (VL C3) (5,389

A )3 O)(5 Pl 85 A6 sls 1y s Jlwyl G50 Olelbl §5)s ay ()15 iy
.dméow)bémgﬁ(m_\ﬁﬁ__\\)o'\"dun\(o')\.\‘o\géo)ljolsm.\


https://www.roshd.ir/111244-3

A S S 05150055 Sty s S5 il S 5oL al 5 ublites )

a2 S1 il ol G L 5 bt & 03 5 o ool glodasma (655 5 goal 5 1o oo
ol 2 s b eload s (sls gt &y bt Jaro oy Sl (6015 0 4 Sl 5558
ol sy ablinn o dasa b 25 s 53 00 558 (K5 a0 O g0ty Ol MBI 55
(Sb oS el e i gl wi S (b Sud o crioen bl 5 Ludblise

ol Sy 1 3,8 el s lads sl el (s oy « S SI sla 5 g0
5 bl 51 G113 50 MR 111 Jeod 51 ploolans S 4 bags sl paoints 5

b lido glaedad g uwbliio 1Y

dia;j 03 0wk &....LL:u OAT&M)'\ &LNSS 23 ey Jlw YO o o r.SC,w: @..J:L:u )U‘T
BeSG cl aet sl (ol il 485 02 o 5 Lle o 535 01 56 86) LS ol
ut&&bduw} (Y Jgsw) S 90 m\f.d:;bdtﬁh),fhfdf)\m&hmﬁ
locdas il o Lol 515 aimals Jlal ol cbcKan 51 o uablie o S35 L 5
(Y=Y ng.«) .,\3.);@ b.\u.?.«.q‘dla_g;.@q d‘j

ob“.dlbaé‘j ‘ﬁﬁ,}@ha\jdwdﬁoua \)d\ajab“—agjhdg.)ﬁ)i.)wr}l&)é
b eblitn slacas | basb a5 0 U nl 51 pols (sl G (0L ltke &
Yoy JSa) aaeb o b ol slacdas

L=V

als Sl o Lpal 6 Koy oal et 51 (S5 e NS Bs s 08 55
g 5 oslisal gsu ol 5l eslizal b & aS olgiiy 1) gy e 098 5o Syl
38 i Gl o] i 5181y 1 015« Koo By

-’;4‘"0)‘}“1‘"?‘{-”'()}}“&@%&)Jﬁ)lﬁ&x‘?d‘j&bdhﬁ‘\'&.éd@
ck-wdﬁ)u"j‘e 1 03 me cal ST (F2X JS) st Ll e (51 35 05 gme 09 3 00l
i o 13151 8190 & sl o) Jaws 51 Slensy T s 1 0T L oS sl (BB 0500 &
B e s N b b ot o | el -5 o513 2L St 5 3 b 5 o e S
caal o S s b i i |

Sl 5 il S 5, e e 5 bl slaad e ol S
il oS oS il 5 e ol al st e e s Cote sl alin o 5 S
reblin o S35y 5 g 250l S g S 53 ol apms Lome a5 e ol
i AB s ) seon 05l sab gublite Slacdad 15,105 02 5

ot u“?‘b db,.bi Ko 12w IS
LT P NV RV I R
51, FerOy coxlo S 53l 13300 0

Q:Lu&))l)‘ﬁbfbi‘;kj

RO PRV PP CW Ve 3] BT FRTISTS

3,05 35y asl s Ll oW )5k
51 e Sl bl eblide Cosls &
.&«.«|)§¢>6th

y
Sl K glocd 1 S (85 1w IS
Sige Sy b iy S 3 5 ks |y 51

144



o/

Olase bl GBI b glas s 0w Jab
e P S osb w0l 22 publine
S ol 3 g3 g i) e e 8]

/v

&7
/// 2
\ !
\\S 7/

-

FY

S ol dll K51 5 g ol s 2N

C}ﬁb}:\)o.&.\#d\g‘}ﬁ@@jh .&Muiwwdw\z%%\ewr)&)J_Y

§3,05 5 g2y o o)1 gad peblisn Gl sy 3 |2 S Oy 5 As

SN < IEN s/ sl

() S

Slo s, Sl uelolis, S0 9629 9.5 5 55
Sosn5 318 Bl saisl a0, g Sy S 9 53 05 S
@S O S 3 )13 gy Jlew o b o Ll i s 5 Silosd s
Gor ON & ny 3 g s solazul g..:bl.au sola ;Si‘_;lmjs )‘ \bé.:.-»la“w\ L a)')L..c ‘_g\j
dbbt_b BWERTY )}1’4; & Klodss 0daid 92 o.'.al.'» @LW sobe L Lboj:) LJ'l‘ N g
o33 cn! e sl i 31 g 5o byl &S 5 ool U usnr gt 0 Jusate Sl
a5 & s o A1) Gy (Conl 0 0315 Gl (o 4¢3 K S 55 &)

g2 b Gl e

R P KW 8 o

S bl b g e o a4 Seo5 ol e e 1 | Ll
i3 5105k plaa 155l s ol bl (OY JSK) 5 5 D 0] Ceamn 5 48 o
8 3,505 5 gy gublisn lane byl GIbI lisb s o S 0 oy 0] e 5 51,
Ol Y o 53 8 (S 80 lasn a3l 55 bl lis - ol o frn e o
o il Bl b1 ol s el 6500 (aaS e Ll

=Vl

2 S35 pmblin djie S 4 1) Gl byl S gk S
C)j‘}w&_i_&“v\i)‘x)ln_:.#\ PL Lﬁ‘b%ﬂbj 45&)}4.0).5 ..o\:.bécjw ‘)O."J:JJ S.Xé\‘fd
U)}“"b“:';jd‘\d"J'?.)L"))LW@JLU))J‘UTCL“LQ))‘JDMWLL”J;‘:
S o by L Sy it e a5 5 S0



bl GGl bl glias 1k p 5 |y puabliin )lis Cugom 0l 5 gn bt 4 i S5 &

Se 0l L 51l 55 gueeblite Gl Sl iy Ly (I PY IS 5 S e
| g 0l vt e N i 08 o513 s 0] 53 puabliie e 55 o Sl g 1o L jal
580k Olg s ‘Lﬁfdl}ldw;l&&f)a bl (ldse S e b s 0 0L
glls 0PV S8 oS ) \)w‘._.l:l.:é.ag\.\,»db.ka'.‘ﬁsbr\.?dluid&]\g\.\,ad\jé
55,38 o Ll 5l bdas ) ans e plis sldee sl G GBI s 1) puablisn olaw
935 53 poebliia lon Slo s lgul 5 0533 a3 gr SIS | s Bl S T 51 S

FTUNS TN
®@@@@@® Ohie g et () 4B Ui
% @%@ mblie e S8 bl
N CIECHE N 008 EAretiiilesilil)
?g% 5 )y il bl iy 5 g 3
ueblide &y s ®® ®® 2)-igd g0 3,5l 58 B4y 5z BN
SO 0305 ol b el 50 gladas S )
O ) pblian & e olaw 5 sld bl K gyus, JS =

© I O IR

Sl 8 i o o185 N i |y a8 (i)

© S 6oy Lol s 53 1y uablian gloaie ¢ Sy (0)
B vhalS s

ol 1) L 51l o bt plos oo 155405, S5 -
o S 5y sl ST p s |y pablie Gl )l L ano o
caS a5 abd p 5o ol Sl Sy g o3lul 4 L aS

Y=Y cudled,

Licdad S 13 e B8 e 55 ) 51 syl S
/ R S ren 35 -3 513 Ll acdad 51 Sy bl | puerblita &0 |
/ ~ oo (oohss ) depa 8 o ol ey nl 550 S (s
\ ’ P g e ) A S 535 S e S

£

A

FA



081 831y i1 astaiw) § uwablics olass sloba a)b ssalives s

sy LSJ?%J Aoy L) 2 S gl st b gladass 6,5, S ‘&IZJ‘;: (328 55) g labee dtﬁ‘ B ESYOI LIV
(5l ) sl ot 31 038 8 oSe 61 p om0 5 (ol 831 ot

13 0T 5 1 (gl e L) et domis 5 s 513 5 55 1 e sl T 51 Se

il (152) a6, 1S b & 1 ol 531508 (il S S w0

b sy laiad dnio 4 o1 4,0 w e
meblie gl s o ol sl sloesl
Sy Sladd o 65, 8 o b 8,8 1
Y b i s (g das 51 (glacis 05 gus o
(G IS cd s U ol

S sl slyal 55 61y 1, VL Yl
4Tl o dai 5 plasl slacai : o o
(00 Gl ) ams ool $1Ses 5 K0S,

Ot S e .z = . .
Dy S b bl 6wl a1 ) gueb Uk ) de

&l dLJ;AT‘_;Lb.L.;. CJL x5l Jg....l:u Olaw sbles CJL"\S‘-"
é;});‘jduglajjaj\g)\}w};f Sy o & Sl df)j
Dl s 15 ol (V¥ JS) el e ol i o
I S g5 sl (sl S plane o das O 5o 4 ppny (gnbline
s ) ML& U‘J“:‘ .)l;u”\ JA‘}Q Ll 3 0y )L“.;»Lu )‘ ool
i 5 o3l 5 olase ol g o wins o 0l 13l e a0 5t
rbliin Glocdad 35t 0 009,15 JolS ) sbay Jlw 0 5eken SO B 510005
) 5 bt S dad gl s e ate o Gl sl as e
ol Jlus " oeblie 0 st o e 155 Koo 51 9515 b sl oy
o i i v s Ol 20018 Gl Jlud i sk VA B s o
2l ol ) 5l Gl i Jlad 31 350 b 5 5,8 oo

7



| AN | P
Bl sk 4 ey BB 2l 53 oS 01l o day 511 bt & i <SG b 0 b liin 00 o0 S5 355
3 g o 4 b litn ot i1l & 35 0 415 a8 b ol slaal 55,8 0518
bl & i b o prbliin ()5 e G Jay & Conys a5 0 S8 01 50 & oo aablitn ot 3k 61
G e b 05 e olazel 8 00,8 o508 1y slagls i S8 a4 ool 51 S ool 1 ol 5 s 1 6 oS
deya oBiale3] 5o amilin cialed S5 Joun punbline ot coda] Custy e 33l 331 slanly b undlina
S oozl 5 ol 51 g g il 3 g go blide s

SIS 59 cublin 1 Ce tIw Cul w93

2 e oyl Ko o ai o oslizal b 1y om smabline Gl 516 Ol g g0 5 (6l
et asints € 3,5 sy grerblie slicdsd S il cpl (i) JS8) ] b Sl gl (5ol
S8 51 3 bt sl 53 Sl 05l 8 5 g rimad S A8 g0 200Gl Gl 15 08 5 68 v st
30 35 e 8L 93 WDsli5 1 515 4 e |y Ko oS 4

LYok & 2 3 552 g0 s SU gy r\fa (MIT) Conw g bele (65155 s 30 ¢y laiediils 63Men YAVO Jlo 5o
4 Buad )15 pbliin Copols o 3 345 0 53 S a5l b S oyl & st b g
S8 4 g B (0 JSub) dims o JSi 1) S o publian & jae a3 1)1 )18 las 4 3 6 i Oy 0
Sal o 850 Calas LT85 55 I 310 b 4y 5 5,800 oon (gmablite olise 51 515 ool uablinn
S o 51 e b litin e ladai g GV 3 T4 4 Gdoney S s g 8,58 4 b e slos S

5 g Wb 3l (slamb il Bl 55 o8 p 5 ) 580 cunsbline oo il T
4 gbg |y b lite Olose &y 00 opl 5o el oS b liae (3l 35101

slow L 51 S5 Aol s Ca 1Sy publiin Gl bl ot 8 o 1S
LW}‘&;;@t)Ju‘j@sJ}:‘-)d‘L‘.w‘j_xbd&d“}&).)})‘}.wj N

(ALY JS) 5 S el S b e L IS C sl o]

S ey LYY Gl s sl Caws 4 (magnetic inclination) seblids ol i yd 5 dy s, WWW.magnetic— declination. com Cole & a5l 5 g0 =
f‘uog,»\:fooa,»)lo\ji);&‘.ﬁbw%..\uﬁ. o)'u\.s,sof.u)ﬂ»); \)H@W&)kn\fhﬂgd}fd}) inclination meter 4 » cwai L |
Sl ta g Jlast GbLa b g i 3L )

VO

Y— C — Shaped Magnet



(VAOS ) 4 FY) S 3K
& b 5l el Ls 4 guly § o N
SOl (gl b G 5 &2l S !
(dc)mji—-“{)liﬁ\gb)\rbgﬂs\._);
bSO s asms al b S 8
YUl o3ty L (ac) oyl ol >
S Sal 5l M il s 1
S o 55 b o3l sl ogline
CJ; )‘J.; a.:l.:lim1 )90 r\.\ﬁ\ )}2.‘.4 &
ol o @5 g call Ty
by o LBL Sl Gy My
) ebliin olas ST SIS wg5 Sloss

J}Qmjars)\sjaLJ@
(smis2) 052
O b amio 5508 Hls 0l )

(sm90%) 03,9

=l

o0

N
v

- - - . =
By g 39 p g F Gaps oW Jaib
bl 55 K3 s 4y o) 3508
s s o g & gloio

] 3 308 3 g 58 ST g iis

\Al

b lio Hluwe 39 S g0 51830833 31 9,419 (umblido g i Y

iS S o B pnblite sl 530 o b g 5la b 353 51 dase ol L]
S sl 0)ly 0558 0l (Al 5l 5e (guablin Olans L ol €S o Cgr 1 L 4)
reablie 555 1) 58 el ol 3 50 bl 0l 5 S il ALY S 5
Cas S1 03505 0 s Sl y G 3466 S 0 50 AT IS illas ool g 5 el o
ol 55 8 168 4 il U g 5o it S Gk 8 s &g, 1y 55 o
53 8 o Qi b i 2 S 3 5 33l BLu &S iSasislies
PO RN JE G IS T SRS P JYRICPINGY FRCIRETON < S S [ SO
el e 5b 3505 658 g M 3 hiaSb 35l 658 4 S

B > F
5 A g 3
— j P % v
f :
() (@) (A

G S p S o B enbliie olise 3T o b oS g Ik 538 4 () QW Jib
3 30 g e o)y G 5058 S8 4y 5 0] g (O) 5 (&) 390800 3,) 7 gueblie

tal e st 3 Al 51 S e o S L ro)ls pmbliie (55,0 55151

F=|g|vBsin® (\=¥)

ol 53181 B S0 L (G o3181) a5 0 SSU1 L S g Aty o) oo
(B 515, cpmblisn oluss cagon b (0 1) (e SIS o g 0 315 0 5 ublisi
(VoY JSKe) el

&S S o b litn Olaes Ll 050 @ (SSIL 5 a0 ol VY Al
(F = Fop) s 5 oo it « (S SN L 50,15 pbline 65,5 5318) (sin@=sin 4+ '= )
1l Gl Jolas b line (las ST IS VY a4 L

N N

r....bl;;u'\ NS 2
) R Cm/s Am

T;L&L)La:.;\qjaﬁwowt)u:‘@t@;éujw\al.ﬁ)&;rijb\@&id\

:w}o‘jd%‘j‘d.\ée‘Jﬁwo)‘ﬁdu

(YY)



Wb G Se S 5 (ST ) pmad IS 51 5,05 By 5o 5 Sox & N

2 3 gmeblite olase 8511 AT =VTG 5l S5 b 4 a8 o aslized (G ol L) s

Mo S Sl (210 G) a8 |yl 53 5 (/50 G) cp iy i 3y e (S

7S s cmnad ol s o\ B o/ 5 g S S sldan sl ol Sis5 55 uablina
el M F0 3y o i o] 5303500 45 1ke el loe

(VWYYVAOO) Lo s iy 5 I

L | S A P NE A S N TN

Z S PV AV ST B W
0 /U:Y °m/S Ls"\:‘ L 9 q:_f/°nc )L‘ L' d\b)b duQ\J&bLJ )‘ QS‘. U"’}Lg o oo

. Col oS pumbliae plas b & a8 0 S o g shel &5 50 ) ikt 5 S
+ o3l g s Bbglona ool 4 5]
. . —6.% 5 . _ . fesra O @Ex =20 AR @ Ol o

.())Ae}) Ji“) J)LWL;G 9—? 41}‘) B—\Y G d\bjli‘_glhd};)‘.'v ‘5}.3}5.&.45)&;
..\.:.'Sg,)L«o\)ojbd\jﬁj\)wwdjﬁgj‘x‘ Sty Golow Sl 5 Al Lglji

. )\.) | duu’f‘-"-"};t e B uS"J‘S‘” slonsy s, u‘)lf 2255

™ ISR 515 35,5 553 o 5 bl

lg|= +%/:x\'C , v=Yem/s , 315 3 i 2SI Comen 3 5
B=\Yox\o""T ,0=8
:p-i)‘-’ VY aal, o Vb slesls gals 150

F=|q|vB sin0
k = (F/ox\ o \C)(Yom/s)(\Yox\ o TT) sin o =A/¥x)e "N

L SSha eyl el ES a0 @S peblin Gl 3 gee 5y SN2
Scm\r\ﬁ B Olase S

=l

<

0920 w20 cwl,d0 VL0
= -
ol st s30s gLt 5 K 3 a8 p3 B panblita i 53 8 5 S 5yl B pblive gy, Y

S gz o 031y s ol 51K p s el 5908 guublits Olase 5 09, CS o glial, w8 (o8
S i | 09 S

N
B F
4)
B
«——X)7
=
B B (0
- F B
e
F F

\— Strongest Continous Magnetic Field

\Al



| SRRYY)
s)‘-\a‘do&)ﬁw‘dﬁ).)BZVY°G3)\&\Q&‘ANLAA0\AQAQMe:r"ojﬁ}‘)bd\sd};}jj_\
gg;w\@lajﬂ}\ts»gj)jdﬁJW@J)\}F:O/\*X\ "N

A >

= w=¥fm/s g5 5 ¢ =F\0 pC)lglgr\ﬁjn‘ojsaM_Y

>

73,42,,: e B SIS 5o B o /VAOT 551l | Sy asblite glase
H
F
4)

® v @1 .
.,\:.qSk_)L\m’ ‘) 03> A » J)‘)d};:; S)"-'\:" '())4%)) Jg‘“’)

5101l C8 o o 23|90 bl G lane 0950 Y/ XY o Pm/s us b g S Y
05 AN 8 ol diniieg alBp 03505 g0 3,55 038l grabline Glae B b 518 50
S CS o g Cank
€ (&) viosras) | siul il #AN o N L ol 55000 5 YU 4y, dides 95 o) g ST (S
CE ds S et |y b lise s S
D 58 sl 1 5 e Bt i S SN 5l 83151 (o

Ol Jolo paw 5 931y (ublido 59 e FuY

5 S o s SilSa 55514 1) (SR w1yl (S S Sl 5
5 8 g gl el s B Ol ¢ 3k B 60l ol 516 sl S el
S a3 g0 0l L) S S 5 S ol sl ool o b WY S s e S5
TS I8 (S S g g0 S0 g o el o it it s i b s Jlaap e
» gl A GlLL ) Slol o el & 5651 3525 s ( S 550 2 )0
oo P e ol 51 a8 55l 5 8 S e Sk 8 1052 L;\b\eﬂb('“‘df
il o o s byl g 3 g 20l pueeblitn 656 0l el

23005 P gublin 508 (S s K ) ele (b 11w S

\Al



Yt owloyT

0L Jola eaw ) 3)lg (S9N () :drn

S5 i al ) e i e e S e T LS g0 gl

il

IS oy 4 53 05 8 530S sl l)“’.,“'I")J{.’WpW}‘QL.ﬁU%M A g Glls g5l 0
S ozl o1 51 a6l gn a1 Hlasl s deyie oiilo3l 5o 1) o JS alin Sldbes S 5550 55 o

ca ool )lgs LV ol 5 osls il 1 0l Cg 5 S dlai 1 5luse

23 IS S w1y il inse

(@)

S 55 6 Se31a 5 Y2¥ Galosl a ol alanit b (5Ll olacSis) syl
Pala ol e gt g 3l peblite Ol 53 0l ol e
P Sl 5 s 5l (SR OL 2 Jalo e b liin lase )38 259
reblin Olan 53 Gl el s 12515 S8 S -l 0 08 uaebliin Gl sl
VY USKG) 55 et Gl Cann 325l 3l sl L gl 5 g0 1

N
F

=

=l
wn

@l
[
+

L

l

() ()
S8 () tpmablite Olans 3 0l 2 Jols o g1 )] 5 Ui (g5 (W) 1P 5D
Md‘ﬁ@l)&mbs.\iu(g).C«w‘bMﬁ}J‘}bQﬁ%A{JBJ)W‘x)J‘JHM

() S bl 5haes 3 0l 2 Jalo pams 1 35) 5 queblido (555 gz

vy



1 P ok ol Ule Sl ) o 3] 5 (b line 515 2 550 s Jule

Y. ; ;
2 P 2515 (S A S Jole & (35S publiin Glas 5 ola ol UL,
/X F=I/B sinb (YY)

bl 0ae 3 0L 2 Juls o 1R Y50
dnid 53 508) g3 333 s 730 5 gk 5 5 1 S o e
Pl FO0I) ["‘:ﬂj(j’iﬁg‘,d::s )\J’BW\AM“U‘%‘)JSWLL”)M)\MJ}Lldk'f‘)c}'i‘)')
f.an\u\; QL B L s3le oo gueblitn (los b ghas | Ma\)&:\ds Ly lasly oyls
(VoY )

A B 5 ebline ol slsal 5 0l ol e VY S 55 11
/l}//K Wy 95 ol g{))e TR KPR T PEA Y Q"'Jf 3ly publine 650

on slad 5o IS Glas 5 e Jeos 65k S slaall 4 Ll ) s S Y
o b S Sl g B1515T 815 e 5 Sl ot 1551 S C sl S slocdas

Yol dsl5 Gl S L )b 515 gy 53 ¥o oG S5 4 (5 puebliin Gl 3 0l Jolo e S
.—\:.5;0)\.«0 \)f‘wd‘)‘\\/"mjJJ\)ML&O&)J@“;J}‘ML.O/"AM).‘LS)_”FOL‘J?;\ .)).ng’d
Pl s G S p w5 Ll

B=Yeox\o T . 0=Y¥c"\ I=0/cA , £ =\/em
fal YUY daly o YU glaesls gals 15 L

L F=I/Bsin0 = (0/-A)\/em)(¥foox\ o T)sin ¥o'=o/\ e N

Y =Y oy p08
W@\Ubuﬁijcbwg\.\gz;\x\ il 0 £ 4G 3L YOA Ol el Y/fm‘_j)laqu_\
S i | e 1 35l gmabliin 698 gy 03101l Jledt 4 g 5ol g 5 </F0G

5
Qo S by a5 seblio ) 40) C% I=Y/0A

Yo



®

o

® ® ® ®
® ®|® ®
® ®|&® ®
® ®|&® ®
® ®|&® ®

®

B oses sy, JSd Glas Ym Jsb 4 CD bl o Y

53151 81 8l 48 5 515 /DT 85151 L yuiysyo guabliin ol

Ol Dl 5 Sz il WN 15 e 5 3)ls aebliie (65,4
oS et | e 51 S5 58

£

fEJ - ..fL”_.}

i

Ol 050 S GL o Jals e 3,y grubline 655 02 ol S8 48 a8 b, @QL}T
Cis b (gnd ) Jlomes 6315 5 a5 inles] cal 1l S e im0 53 58 (6 S50 | puablite

A 2 51 ol bolit ise & =Y

bl 555055 gy bt gl s Sl ol GIbI sl 53 & s 5 o L b
i g Ll bl gloga sl S5 sloaeia b Juad

on S sl rlqd\w‘_gg){g VAY o Jle o o Solails sl was !
AVEY JS) 0 s 0 G te (S SN0 il eSS o publite d e 5 S sl
dl}\);‘bb)mm&)\u&jﬁbliﬁ)ﬁé:;M%duu:gb)'\ogbrlgdlb',\
om Al Sosel o e r\f RLVTIRE g --U)Tg‘ 3554 sabline olone S ol
sz 4 s ol 53 - deala] bt Sl s 28 4 5 57 bt 5 sy S
o231 s B 5o (SN 0L 2 51 Jeols pbline ol

Ol 1ok Juls o BI D) gunbliin olas 1 J5ib
313 05 ol & 30) g mebliin & i g3 3l ) 3 L

S sslazal o/0\ g

(YVYAADY) iyl it S il
Sl (S5l e 0o g 5 G138 8
£l S Fbs ot S b
3 e 7S i3 53 5y DS Ll
“')‘" AL (K o eblina
35 Vgans o iawyyl 3y urblisny S
Wil o a3l il 4 Ll S
53 s VATl gl 51 S s
w5 5 g S gl Jpiia S Js
Slplar s on SO e b ol
mﬂ)uﬂg“@uv}ﬂj;ﬁ‘%’.
o ) il Sl ol s
e 03l 10 Ol Gl (San 808
il o 420 Gl e Gl ol
DLl 4 jigds sl bl L L
Jbo 4 25 g Grablie s a7 it
Opmed 85 plasedsls o S
i 5 3 JpuSlo 15 50 103, al
33 Kyl 15 a3l 1 pueblina S0
orizad 5 Cudls Slllls b s 55 e
o5 g 0lels o5 gl 51 Sy

233t el ol S ila (58

\44



ot owboyT

(s3w)g) inle)T) 533 olys uablics BT L) esa
Lol e s e 5 (loicdad) b line & i« ol 5k i WL«» PPV R N EEPVIPIL Y

: il Cr

30435 IS il (65l ol b 5 a5 53K g1 ske s 5115 g e
e D3m0 | (guebliin & e (SSSU 0l 8 5l e
S g 0 8 518 Sl 4 5 s 13 s s,

45 a2 558 g g 5L (SSIal Ol 005 Jeos Lo
S dr 5 blina & e 6 S g

ol g 5 a1 ke g5 kit Gl )3 1) ucblite & jic 0
xS ez

S s |y pabliia glase Lain i ¢ o130 doniis Cilia Bl 55 4 e (5,8 S 4425 Lo

S 1S Wl g o Gla b Kok 1 GalisT le

55,15 o3l et 53 6 b 0l ST (131 0 Gl g5 Canslin i b S 5l i SS o

!

~MJJJ\}§‘;~%4\3‘)Q“’}J¢S¢¢QJ}$D};)J \)wb)“—w\:\z@ °

Sl Jol e S35 ool bt s sladas o sy oo Gl ! plonil

I
B Q@.?...\;;...zQLJ’:&BMJ\JL\)ajfrmdhbj\aQ)raag\O_\’JQJ&U&
Mg‘-—l’h’-‘ jejs-‘&s‘*id‘)‘“g‘ 3 uLj’ J“BWMML*‘ Olass sl los

Glae 135 en |y S opl 05 g 9 Comnly s 3 Sl solizal bog)] odle s S
Ol g 3 ot eSS oS (618 Sty & 055 ol S 3 1y s S ssli

i 31 gablide glage o dos S Lo s Sl g b o g eatly (S
et ) el G 1B \a_\»_)diﬁx ,»Q@C,L;;;mmg_;\}\
ol o g sl o i) 1) B g
® ® ® ® ® ®
B S Gbl s pbliss glas Cgm g)ay, JSG
® X ® ® ® ® . N i B
© © © © ® © ol a5 5 gugysys gwl’l-w O'-\:-‘C%—?‘MLSW
®@ ©® ® © ® 0 S et e 53 1 0l S Sl 2 0
B
® ® ® ® ® O]

\A



ol 3 a8 olw o s Al glo IS 511 5 53 8L s =Y

e 1l B olden 83150 5 S uai? S5 S 4 35

SN s )l )\ngwdﬁ)‘\su‘r‘ks 4 e K olS iy

: o S48 o o g cele laa e S o g
E a le.bm.sa)'\‘.’szt (@) Al b litn Olos Cogr Y
csbiagldai I p s 1ok el il 55050
I b .AJ\AJ\}W}AJ‘\LS}LJZL.@B).}I)M..A.:.‘S‘.Aﬁ.
C

oo, Sl 310, 13,9415, 9,599,

sbol > al ks SSsba glusl g s sbasl rl.a:
S ARGy hends b litn slag i (o 53 e S S
5SS A slad 51 oo (slaplse 53151 S a5
sl gy grabline Olose 08 peee S 350 3 gm N TVT
Vo T sgae 55 5 jckiads sl 0 51 Joolo cblitn slag o
& ol s Glagiusuablisn 2l gl 6 So5101 1y 5 dizen
iy Sl bty gt ublise i ol o 3 23 S
Jl 3 8w gr Ui 1 g Sl sty S 5555 S - o

el e 300l W 5 bline (lae L@So}\.ﬂ

\— SQUID (Superconducting Quantum Interference Device)

YA



\A)

f&é‘}‘dwﬁgmké‘hﬂ\&b)iﬁ:Olé.ﬁdﬁl’djlﬁdumﬂaﬁdjﬁ
)15 pueblie (65,8 b Y idn 55 eimad 0505 5525 bl Gl (0l 2 ol one
S5Vl e 4 publin ol a5 61 a8 553 s - ac Wil 0l 2 Juls e
LT o 513 o ) (43555 1 6,50 ol ol e ST S eslizal 0l o Jals aons
(Y Y JS) ol il Wl (55 8 0,350 5550 o 33 5 g K o gl
w\gﬁ\)l@iwdjﬂs ‘J;).de}\}aWﬁ)\;ﬁ&a%)aﬁhglﬁﬁ;\w
(VY L)
T ool
I I M M
. U U U U

Dok ) 50k Jolo 5150 o 2 0 859 19 3D
b o S OL 2 6) p (B gl sy p bl ol
o | d""") ¢ guncd U 6UQQ4¢‘5|J3 (©) }Ca.v!

Ol slades CIVVIY ISG: 0l o Jals glo)s s &G 51 il e lits §loes

sboler -l Tl Jul & b o ol (51115 (sl Bl 4 GBI s 1 bl
e« i 1555035 Sy 4 il o ls b o eblitn glise gladas 558 o 05
el g2 5190 Glos allo ) g 55 S 3 il 0a) Sl g g8 Al ol o
e oaly Ol (agy 4 Cunly Cnnn Basli L ol 5 g0 | alls ueblitn (lae sl les Cgr

N
B

C««ﬂb@wb

() ()

s&g_w,bh.u o) dl.:.b: C’J’ (@) ok p b aals S G bl s ‘f..,.bl..u Olase ks (W) 1vow J5ib
b Mol bl SO B S et 5] g Cons) ) Cansd 5156 ) 03lizn] (0) o] 83) 1 3 ealiza) b ol 2 Juls dil>



3 g0 olts ¢SS o 15 o0 bl S ol Jolom il S pundbliin ¢l deaslin 5 oo
L ol el Gl a0 s et & (VALY JS) ol S0 ale e o gl ubliin lase
..\SJ@JE)QML;#@B):&Q\}&Q

N N
Q !
gloalsess gl () PPN ol Jolo 4l (i)

.M)J&zdlaﬂhq&:r.iladl{,aig&.\zugiwu.oolyﬁ)lagﬁ,:;,LiﬁJ»Lsiﬁa\l\_\»“djfn

Sbdas G o a0 LS 1) 0l Jals Al G 1554, S
g;) % ;;) 210k gl ead osls gLt 6l g0 5 Gao smabliin ol
B S s Al

CLE LAY AL T
& gublisn olaws (3 JKG) 55 0 <l b S 5o ol Jols s g 2,15 bl oy 5 Jslaa 5 Y
3.8 o) g 1l cdlize 3,38 o domy 518 Gl LS S o3y Iaao oy y 9 8 3 0 ) 5 o315 5L jn T a5
Sz ) 5 g 5l b il oS g 1S Gl G b a b el G b w ol s g 4 iy
Gl a8 e gl oy 55 ol als b cenlize (g laials bl Juata ol 4 8 S by e 5 domy S oa ol
g Gl By e <8 o 5l ol s e s Ol s soauls eaS Cy o8 ol >

15 b0 nblie plise

o e 5188 B0k 2 1 0 5 45 S o0 o 7 e lin sl obsn 5 g 2T Sy S )3
L’)liﬁ;l Cw‘@ubd)bu'JE“‘OMDJ‘)QL«JJ&JJ)‘S[QQR@'X fazfgnﬂ_,:).\;ga
S g0 w35 ol 3lod b Cans e e &y e o' Sy b 5 v oS o 55 s b 3 S 2



b ool a3l cnl o San oo 33101 b o M5 (1 all ST S 51 oz
T l 5 ‘d’uﬁdl%‘iu@\ﬁoé%ﬁ~-*~3L.j‘}431>fe~}l’.u&liﬁ%}\5—\~ﬂi§)j
Oldse a5 1y bay 51 (VAY JS) 55 g0 ool publinn Glaw ad 5 sl basy
23 g sn o3l B Sy 516k 53 s liae
&) 50t & ol 63103 o o 1 0l 2 Jale Ao 51 Jusle cueblite )i
(bl §lon 01 BB 6l s o 51 SOl 2 5 5 b Canlodid oty oy o o
o 190 dad Vot St s S b Jolo s S blite gl sla s 7 bl 0 3525
jé\ﬁ)wﬂw‘};bouﬁdub‘g,&&w;ééfou s osly plis o
03] ol d s 513 53 5l 035 55 Sl ol 5 el ol s 53 Gl slodas |
5 631en L ol sbad 5150 ans Glodlali )3 0554 e e J515 3 Glas glodas ()
bl ls g ol gl 0355 graablitn oo 013 5 23| 5 S0l o) 5 ikl
(o Yo ¥ JS) 55 g0 et Sl st o0l ol S 50 & Canel ) s 508 S8 4 o o

e

~

/ sg.
Wi
N =

ebliia olage (W) Po_ J5ib A En B0
o o) shr b i SRR o 5 s
) Cand 555 S 4 oo S e |\t o ;:;_ \t :
eblie Glims gl b () \die Y e— ¢ —>
1831 51 saliza) b & shesas S
S © (h

o5 o 4 i 0] sadilon 5 S Sl 0l Jb b sl 3 4 o sl i S
2 ST s S 1 puabliin Gloge -5 gt o i Lo, D gherns d shes o 4 el
ful g e s Al 5101851805l LS aad 51 ps gladai

B=f—" (Sl & ghares) (f_Y)

WLLAA&‘}\JJ K. }A‘I}L“i"“du)}')')"'\*;N‘AJ}L“,‘“J}Ll‘Ls)}":’Ulij"I‘Ah’\)ui‘)"
ol FT XN °_VT.m/AJg‘j.)‘)L">

\ S | WY
j)}tb)ﬁd])l&eu)\/\""mA ol Sl sl 02 4 05 e Al £o 0 g1 \Och)LAg@bj‘_;\A]}lw
S g 0l Sload 5155 5 o enms 053 (14 3 |y (g lin sloe
:NJ\JML;UDJ\JQA?}SL. cwl.v
/=\0cm = /\0m, N=Foo, I=AocmA=Aoox\c'A, B=2?

feul e onl e
v -r
B:pONI:(\‘nx\ T.m/A)(F- ) (Ae-x) A)z\‘/ox\o“’T=\°oG
k )4 «/YOm

A



Y =Y 08
ses b ..sj.l\ﬁ(_,b\.\;\jw VYA Sdda slaiin 0o & Cualodd | b liafo/ocm J}Lq@bﬂgldw
b b e A ghorns gla 93 2lami 55 0 YV 2 G o] SBTRTARTIE ool Gl 831561 e sl 510k 2

Vo o )
SUyaIb b 513 55 JS 5l 1 s 5 plus
A5l 355 b o s 5 o 40053 5 b
N et
d‘du6bfb‘
b-\wu‘,‘_}'
e v«:-"ga
Slbl s \)ﬁuo\wduz\@b ‘yiz,\,;\wu;wmo\,m&sm&s Ll s b 1y o
25 bl (0 JSG) ol Jols A e S 5 (0 JSK) o pls Al S (AT JS0) Al
s

T S U g shanee T VY S (S S b o] ] e b o o
53 ol s bl e 03 508 515 dshanme 53 Sl 85 o ol | gl (D
LgLJ;bT\)LJ;hTU\.J}.Z&LJAAI‘G‘AYM)&S@W\MU#WB@TM
Ol Jals lamy Jalis (O YY) dﬁ,&l\‘_ghf»\ b o S
ol Sl el 526 31 ol paablisn e 52,515 L5 e 530 31wl &
Sh s Al sy ss slas am o aS sl | opl sbaasl 5 s 5 55 56 sk
el ol dn sy o bl 558 (S Gl il i 5,08 0 0] 518
S8 4 gl Lt 050 Do ebliin e -3 5 0 &l shas bl plie Cosd () B |
yls oS B, Jas o S Cnl Cans (] et b e () DL IS
o (S S el ()
AY




Fml cudlad

29311 5, J}t@)‘w

&&*d)‘*)%{eﬁd%hrd&\@
b gy Caslie ol b s JSuis IS
oo e i 1 5l 516, 0l
Sbal woglize glol,> ¢l aS
Slsg b sk o S ol Sl

j\jjgw‘_g\b)pg\.wﬁ\ (u J..SJ..L

SCMZ\.).\»\};'»‘;)LEA:T)\S:\@;}‘J}J

g0 b lizo ST 339 Pt
sk bl gl 5 SLglbo,l ey g'-J’LM Sl e ol slalyial s,
5515 (S g bl o S 4 i
S bl s e 155 grebliie o] go el atls ublite Cools Lglsa e b JsSdn b bl & 1 6ol 50
el S Fer bl (S s b i) 3lae ol S S5 (sle35 p i S S S g o ils 5o Al e
G eSS bl i ol 5305 el e i
a~

“«— : c
W\ /\\ ] LSl TS il s i s S 4515 6 wlesls ol
N Tl Ll sl bl Gl ¢ puablita Ll 3] pe sla il gunsbliiel U 3] 0
— \ '

B L AN Al e bl gl s 1S 6 S 5131 st T4 el bl
o 35 sl 518 s S O 5 L)dﬁﬂf)lagf.ﬁbbu Q\.\ﬁngjjad“%wb\i VRN ran .(YY-Y’J;:&) "\"‘Su'“
340 33 e liinl )L 53l S 3 bt )l:.é) LJA\uSqu)J Luukﬁ lja& a5k tl%-‘wmb\.d.é Lng&Lﬁ)J «(6}3 leaj.b\;ggggvsj
o sl | T s S 595l 6 gt g e rerblin 0 lgs b i slaal 3 6 petiun 5 lue 4 5 S o
S a8 S s 810,51 5 bt o s T penbliin sl as 55 0ol a5
Cotls 15 58 publiin Sbolae ) s 55 guablital )l 5150 €8 05 gn i o &
0557 demS | g (5 | ‘f,,,\m‘m;g,ﬂ‘w:)ki sl S o |y S gy i punblite
YV culled
59 25y (aamy3 47 J 56D (b JSI 51T (S5 61, s T ) S
1y poess 55 bl 6 o IS Gillan s 18 B85 5ba 1y ol 5 iy 1, 4
| asl o s 8 o 1 LT gnlT 5y A 0 618 ol VL
I S5 455305 5 53 S o sl

AY



1 sba D pa 5 0 e el aeblitelis sl 50 a1 MWL&-’ 3 5
meblie i 53 511 00 gn cpl slail 51 S g S ole sl punblisn Cosls sl
.J}JML@QJJ\}AJJ cf)[.’-u\.).aﬁd}ud)&:-).)&%blﬁu
Léjdl"p:“‘s-’)\3-’)‘.’)L;‘el’t"'-‘)}ﬂ}‘(b@ﬂ)‘}‘dﬁ-’t}:g;“%htbjjé”ﬁ
ol 1 3T 51 b 5 SIS JSG iopl atid ubline dasss Iyl 513 5 5ba
Mtbﬁ@b%ﬁLML&ddhbJ?s&h@L)J ‘u"-’)l";‘:’\)‘?‘g.}‘éjbgf““’ ‘L“u'tl";}’d\
W\oMDJ‘JUMJ\YV_YﬁN)JM@)f )‘y)JLbo)P)Lb-La)\d\Q}N NPV
bt glage 515 ST pendlian glaes G o 0313 51 3L o5 o Ly pudoliin 3 31 50
Gl b s pm p publine sloodai ps o 5 gui o sl punbliin slos o 4 o)l
S o3 iy ol b 05 blate 2sls olaes g 4 gl g 5 8,8 515 bl
@u°}}>r?‘9'1<i36}‘“)\ 23 g b Oldiazea 5 A8 g0 Ay (i gunnad Gl & S
Q\Jﬁa&)s\)&ﬁbb’uj}bb&g\'v_\"}&:‘ﬁ@\aﬁ@hﬁiwumbjoﬁd

J,—b BL wbtb}} 1" (u) @Jlé ‘;u,bl.'é.d Q'J:.G )’J » wbl.'d.d)ﬁ 3ale (hﬂl) PR_p dfn'n
(S5 (2B (b like Olos ) s> 3 el 5 5 53l (O) s (2B gubliie )lis

et (2ol pablin gl o 53 ¢ bty 33130 51 (3 guerblite sl o
o bl ool 55 sl ol G b 5 350 pn Ll Soluay asle 5 a8 o s
T Cala 3 sl el 1l a5 pblins 3 5l ge | 5l ge s o s 51 Gl
S Gl ol iale 1y 05 publitng b sl g 05 ool b s 5 bty
(e S oo Y 8Ll 4 pD) 0¥ 5 sl Koo slgn (81 2) ilaalin 55 (818 (ol a)
e 2ol b lihe ln 5 g 53 g 145 50 0 Ul vt JSG 5 LS ol 3T
3lm gl 53 awb gn G b liiay 3 3l gn 1y sl gn ) &S o i ity LT 5o Booj
T ol 0 o b 1 g e 31 o gl (sl b3 (5 S Comn
ol s bl ol rala g1 sl pe ol e s ued 4 Y VY| RV R

23 & o 5l o g 2l

\

3\

Wi

W

\
N

!
\
W

AY



 yio & .. . -
wtlshe 85 @l 55 8 gl glase 1553 5545, S Gllas aid (316 A 5
sanlis () ghanes cpl 51l s 5 AdS e b yls S5 Canl s sy
s ol 53 ol 5 5k adS s e e s RS 5 dn 93 8 5 5
58 gt 533 S 31 ol o 51l 55 b (A
b s .JJJSGA,\JSA;M;(\Jsjgw.ﬁbt;ﬁjﬁ;\d)édualy@a@b}:g}g;b(9

wbolidiog ySI1 S1 busis Yo

By M VAV e s o syt bl SSUl ol gmblin ST L (]
Lol s o 55 sanlin o5 s bl 51 e sal b VAYY Jlu s o ot sz
SWl o5 & 03500 &8 Sl cal o s 53 (S 0ba GOl e g S )
el S SN olm ady sy Bl ya SIS Sl o5y 455 031,05 il S
Lo cal 31 bl g3 ey 5l Sy 0 (SIS a8 G (g 4 4 ]
ey i st ool T ol s ablite 501 L)

Fat wleyT

bls9)TT) S@) 83339 W)y :dsa

b s s glabon b ol e S 553 ) g sloelom
L, e 9 A

ol

dkty sl 8w ) dsless 530

Loty JSW) a8 dles 5505 1) L]«“‘ sk 51 Se
S Cuilaal 8l sl 1BGa 1 5 g Ol

s 1) g Slaalin S ol dghee 511 Lyl o g8l
cS Sl ejbgs QB rl’.v"

S 1S5l Koo a1, 1YL e

ol 4 A o 5 2l U L al oS ans Pl Jl s 1, Sl
> s 5 S 0 (6 el a3l mat U)ot 50 01 5L S0

AD



65 Gy 1L olazn L s dSl siasisls oyl JSole (633 VATY s
038 e 5 550 o8 &8 sl Fo¥ bl alin Gl il sl b IS ! el
Coveys 13 g QU Sl 5 Gl 5 5 50 B te a5l JE & i vy 4 nl
5 bl g AN G syl (YEY JS2) 550 5525 b Ol o 8 85 sila
el o LW SSI ol |y s ad 5 0l

L N O O g ] YR B I S S E i
sbal Sl gl gl o pblie, )
a:%‘(“‘awy}d;hqﬁAﬂM)éﬂl
Do 033 51Ul g b aSs S slin 03] )6 3 8
LA o o) Jo g gublide Olas s 5 B

Colun S5 S W1 S S oo ol o bt 3 0l 38 6,500 s, & o)
|y Sl L (YOY JS) s s B Sy mebliin 0l 03355 |5 ydyillan] sl
ol o a3 5 o sblia (VY JS) il s B 50 bl gl 03

.J}Aﬂd&‘@)é@lﬁﬁ«b)g

® ® ® ® ® ® ® ® ®
S a ) a3 Gl B abliin oo 53 s Gl Lok PO IS

® ® ® ® ® ® ® ® ® ®
a C' E

® ® ® ® ® ® ® ®

® ® 1 ® ® ® ® ®

® ® ® ® ® ® £ ® ®

® ® ® ® ® ® ® ® ® ®

3 bl 5o 0 3151 B uaabliin 5lase ¢339 40 016 2 L P IS
3 g g s 33 Ol 2 W) G 55 et ) -\'Sg;‘r*'wchu

(VAN ZVAFY) 03,6 JSoe

Q o0 L;“r@ JQ‘T S al)6 S
e s 0 SNy 15l 5 g 1S
5 Sbdie a5l iy S okl oy
fjie S5 Sl o o |y Sl 5 s
Ay 5l C)L; slecele b g 43,
om0 $3 il bpbls 5 als s
oS K, s 58 gl 4 LY
sla S oyl ol i ) 4 Jsride
S g Sl dda 5o b sl sl ol
538 VWYAZYATR)  pge 13 g o5 0
il g i g 18 0 b he e
«.ﬁ)rb&)},wﬁf&;ﬁ&h}‘
5 pgle waadle ud w LB oy e
(3l gan ol Jonani 4 355
bl den s i Lol VAVY L
ol e Solpe e sl 508
fas o5 4 bl oS il ey
S5 ol ol Kbl K ol a5
geblitn Gl a3 o Sl
olge 4 ol 5 Cuds )5 5 4 S
Ly ool ot oS il e k)
5S35 S il GlociiS o 4

.A’J‘AQA :,Lfasdﬁddw' Sl

N4



b g opes B3 o PVW S
.:jl..agoeiuljﬁ S 5SG o lase

0814 uabolio g SIS )96 A =Y
co.l.....aﬁ,i:‘%gﬁiJm)aw.ﬁbt;ag)u,aﬂxazbéi\bqéﬁ.@d\)\ﬂ
Wl s (SOSGLa ablie glase (53 dony i o b cueblitn glase 5 g2 55 ey
bline i e b ilesl ol dea 5o QW1 ol sl 53 S i 5 gulal Jule 3 50 0

~¢w\‘-?}-:?,)‘6)}:"
L Glis ) € B CalySy ublitn lis 1y 5 Col Glod 5 i purblite L
:;ﬁ@@ﬁj)'c)y@ajfwflo;u&ou

® =BAcos0 (0-Y)
Jﬁk&ﬁjﬂwg\.\:ﬁ)bjw;’)b‘e:gr;bdao.\p VV_\"J&Z):‘SJ}L()L&

(ﬂ‘b)‘)ulﬂd&-&d})‘ﬁb)}b&‘)bﬁd\)w‘m}cb-\dj

)L;;‘CAD&.G.JJ\JJ}?)WCL..‘&jJysﬁrgﬂ)d\j%yo)\w:A.?}J
VY S e sl ol (So g ol sl & 36 o ol 51 ) g gt
o - -, .
Sl 40 )"JSASBQ\Aﬁ%}&‘&dﬂ}béﬁ\w;rchlauj\UJJLJQ\)3}«9.2_;»@3
&)w‘cb.wjil)h_é}).) ‘).}}Q&L}&j‘ .J}ML;GWCL.‘«)‘LSJ}?C)L&%)J)
ul};ﬁa‘bgéiv\;”lab)‘}&bséng_gunj;»))‘;)tv\;%&db)\.&\&éula&‘)éﬁJ}«w@g;ﬁd
e ol obl U oS

A A A |

L;)}Ag&\j&wﬂbt.ho\.\ng}ﬁs s‘locmc\a'ﬂhcfd&wﬁ s&bb)%chmtd‘g}iw&u(d‘

) Centy Ly aile ol 51 e Sl Lyl L1 5 YOG

0131 S8 rblita S 1358 guablin s Sdas b (651 g0l o o (55 5b & ils o 1, il ST

AY

S.)_}ML;G )J.Iz:-

sl Gty o gr 0 S o g 4 S b g ) 5 |l 51 (5 908 bt 5L i (0
.J;:.'S ‘.o\:a \) (A@/At))bﬂ&‘&h{twla DJ‘J.C)At:"/"\SL;L)' 3)‘{))&&)“%&‘;‘ (Q

(s}

!




5 B ol om sl 03,8 o 513 bl 0l sla ke 5 pas ailor o o] JS5 Glan 55 (] ol
b ol 1 il o 5165 300 Sl vl 4 o s o Rl Al a5 pes Bs
A=¢/Ymxe/Ym=/¥m" : B=Y0-G=Y/0ex\o'T EECEY
®=DBAcos O =(Y/0: x Vo "T) (/- ¥m")(coss ) =) x Y« "Wb = \mWb
5 B ol g fsls e, g 515 bl ol slodas | 551 o a5 %5 0l 100 S e 5 (0
S 0 gl i 51 ()L g Tl sl 53 il 05 80 = 0 S il 5l pi 0 A0l i a5 gee i
Dy=AMWD 41 it o JS s 5 Al JS Cndy 3 alls s 5165 58 Sl s o sboles (0
ol s e ..s,,.;:daA(D:QDY—CI)\:—\mej\j«.aL,.CLM)'\L;)},;)Lzm;J.%J;Qi\ad‘ e D=0
el 4l alS ol e 16 5 guenblitn Sl 0SS Cury 4 Al IS Conoy 5l i 2 e 50 0 0
L cwd 1 (AD/AL) [l od Kl io o ot 4y 5 L (O
AD  —\x\- Wb '

k —_— = =—[\Wb/s
At of°\s

¥ Y 9903

(Gl JSa) 5,1 L3 /e YT 53001 & g s 0505 ol 586 guublite ol (15,0 Y0 Comls 4 (g1l (A
sl G 4y s 5165 5 srabliae 5L

9 ‘)‘\A})\d)rﬁ&@)hc&hﬁ\°cmvﬂ‘)%Ckmbus E) MO}.&)&J‘}&«&&A;\(%J

..A:;S\.o\:d ‘) (A@/At))bﬂ&'&TtwLa)‘JC)At: °/YS&L&}Z.}L)JJL~«J@‘&_‘J§‘ (g.)

® ® ® ® ® ® ® ®
® B ® ® B ®
© ® ® ® ® ® ® ® ® )

A\ e
Sl (Wh/s) a5l 1 5 IS Jolee 55 SIS 51 Jvur‘-\s

o) Al] v(] V/A[]

Sl sa 4 w8 o B ol ot Ll pebliin [Li ppgie 5 o b oS (8]

@Ro plai )3 S S J‘L‘m‘g‘s)}’ou (@3S o p b i )38 panblina s S
el ] e bty 5165 58 g litn JL il 00 58 0 Sl 53 QIO 2 ad 54 i S
1S s S 5 &S i 3,08 o (51 Hlon 31 (gl puabliin JL o 2 cosl )l o 5 L
oot Sanlto i 1) it bl [l oot ST L o] S5 o8 5 put 0 W o1 55

AA



S Dl 3 0a ad 5 QI Ol o a3 5 QWIS e (g il ey enblise L
s b gr grabliin W sk o 8 S dm p VY 2ou b ilsT o e sy aal s
Gl ol o ns g 0l o) 5 st B i iy a1 JE & e 5 ol i
e el 254 6 585
p g ol 5 Ay bl e JoSuis wlia 550 V3168 (g1 slases L (51 001l 0 56
AD
At
ebliin Sl ot ST AD/AL 5y ey o gio YK o 55 6 & Al a0
L gio GWIoba il B 1, A slare b aony Caslin ST sl (WH/8) sl ) 15 o

&=-N (7-Y)

o gt gr arebona 3 Bl 5l 0l o

I= (V_Y)

I~ I

4 L;#)qu.").bdsd)‘#liw@)uﬁb €D gl o).pv_\':\lag\))'\ﬁ) UL“‘b
Sl E T

I Y (2| WY
S s o 5hs, JSwt llas ol YOO Gl il p Cmlie 555 Yoo Juli (glamy
e 5 Oles Sbdas S o oy Ca ) publiin Gl o a3 5513 SSU s pal
b Gl 31 o /YT a o NAT 31Y/ oms Glos 550 5o olowe 53181 ST 85 pas oy
Sl oty 53 o ol | Ja sta QWIS s (50 ()
Sl iz 5,08 o dome 518 Lo gia GBI ol el Vo Q ity Cnslis S0
b dis Gbosls b a2 5 b S B L gt | e Sl o 50 b i (Al 2 sy
N=Yoo 55 A=Y0cm'" O=° At=Y/-ms
By=</\AT ~ B=+/YYT  &=?
®,= B, Acos0 = («/YAT)(Y/0 x Y o "m")(cose )= ¥/0 x \ = "Wb
®= B, Acosd = (o/YYT)(Y/O x Y« "m")(cose )= 0/0 x \ < "Wb
b Hly pbliae [l i ol e
AD =D, — D, =(0/0x) < "Wb) - (f/0x \ e "Wb) = V/o x Y o "Wb

Z(‘g‘)‘.) 9_\‘ :.L.f‘)).) YL' dlhw\.s))\.xfu L‘x\&)‘.})‘}l{

-t
(g_:_Ngz_(ym)M:_\ov
At Y/ox\oT's
_ bl plp oy so bugu QWL > VY vl (o
f:_g:ﬂ:_\/oA
R YQ




@ (Wb) )‘Jﬁ)bulﬁ)wjJ)KGA&ASQ‘)\JWLLMJL«/Q\M
‘/ox\e—\‘ )J\)&)Jhﬂ&m\gﬁdjﬁ.w‘awn)‘)ow})ﬂj)w
oS dendes (Yos,¥05) 5 (Vos,Yos) (o)) os) Sloy slanl 31 S p
i : o t (s)

‘L@‘j\jh}de‘zﬁd}ﬂt\°Sb°U)LA)§)L).>&wb
L AD (\)(\/ox\o“"Wb—o)

s=-N22 = V/ex) TV
& At Vo5

U¥es lyssl o cul o 5l st QWIE 2 65 0 a5 sl osile Sl L Yos UV es g3l oo
L el VXNV st GV s 538 4ot N 28 o Glaj 53l 050 50 dnil et Yo

O =Y (99,908

24 5ok, IS SUSI byl gl purbliin lage -
55 YAT 51 o/%08 G 55 5 a8 g0 i 0la3 b Sl 5 a5 dil> e

sV

‘Q.o\ﬁd\).) .A«w)@w’tﬁ)} s°/\VT4.3 cYLgdg

: i ypl Connsty |y il 53 o gin QUK e (g5 5 ()
S Vg |y a3 Jaan gin G0 el Y 0 Qi an gl S (0

0
Wz

o) pmablite Olhe 5 il o i) ) el alls Voo 51 IS amy 5 Yoom' Gl dil> p Colus Y
JJLM}:A&L.&J\SSJ.»Q;)J:J‘gﬁijﬁbth;)\ydjlyhdock“,bﬁ% ofo¥ o8 Soda o Sl .l 5 gae
..\iﬁqulé;); o/OoG\)wjo\.\:ﬁz)’\x\Sw\),\i?J

BesSE L  S Sa S sl K s i S 2 Ee S
serliy ' )

ol Juin plaji Lo 53 4ty Sl o ooy 31 (S w Ll
C;‘) » &) g Chaed Sl 4 bl S b azy e 93 (5040, JS)
5 S a3 s et iy - Gl st ooy (ol S S B 25
D R IR PR E VI PP S g 32 5n cp) 148 6

..A.:.b.)‘ﬁ‘)‘w).)



U192, soliws g, sl SO, 28 9,5 9,691

Japra T ol 8585 Gl gl 353 (6345 s 3l 5l (65t SO iy gl 5
(] JS2) i o 035 0 Sy gl 15 53 0o 5000 505 S 20 b 5095 Oy gt S 1 oy S 0
53 o 0313 513 doey 65 o bl 15 51 b b lite lisn 3 g gr 0S50S s 0550 5 sl )8 5
Ca g5 6 503 s Jauw 57 S S Sl 0 ) (o0 JSa2) S g0 Wl oy 3 15 Sl o 3,138 o i1 01y 0,18 oK
3 pign ol ) gn ) gines ooy GUiSa, 51 -3 gn i 0y 10,8 Sy bl 5 53 00k s o5 (ool

PLI & 3 P (Y2 ‘J Ubul: (d”)
o 3 Sl obp Ll paiS (9) S a0 S Sy punbliie ) g
..\.:Sgolﬂlol}oJLﬂliu:

SIS, 00, 5 9.5, ko, &g o, iy, Sl 3
02 Slp 5435 (TMS)" laras 15 pucblina (S ) (2555
(524 Olon dom 53 53,38 o 0 )6 it S ol o 5 g 00l 13 e
z.\bLu.éL&wj .))‘J)\}A’f.yj‘)).ﬂ\sJr«@ﬂ)\d“\?l;).)&lﬂ\ulif
S o o 3| oo i Sy e a1 oS D) s S

Moy

a1y o uls 0o S 11 1y punbliin s ;SN 1 ¢ 515 00,6 4SS 51 Ly U S o
2 ben K QWL e Cm pem Gl 1) (s 63 YAYY Jl s Ol )
QU N B {PYEH RIS LU | F P TV G J B S PSS SR K
g&tﬁti‘)lmsﬁw‘ﬂ%ﬁ%b‘v‘ﬂ@.ﬁ@w‘xﬂd)ﬁ)‘Jw\-*o\ef.-
S oo s ¢ pnblisa sl e QWL 2 5050 e 4 Jule Lol )

A b ol 530 o5 el Sl e s (L PY Al o e Cdle
et 1 3 056 Sl aslizd (S 8a 51 Gl Jle S5 4 g bl s ol OIS ol s
oS o WS W12 g

\_ Transcranial Magnetic Stimulation (TMS)

0



o Ko & oo S5 b o ol Ncdas  ans e ol | byl ol YAZY S
dil 310,38 Hliaos 3y b g Sl Al o o B 53181 Gy pl 5o bl
b liin Gl o Sl gl il 55 olon] QWL > g A 056 4 L g 0 0L
Ol Gy SNs s dile punbliin Glase ol a8 il Hla 21 L ol 51 b
il bt olan g 655 51 5 Cly s Basli g a5 L o pd 0 Lyl eblisn
Gl 511 L N s 0 YALY S Gllas S e 350 g0 et il 3 0l g
s (Al Jas 5 s a5 e liia Gl 5 5 0l 55 g 55 GWI 0L 2 S 5o bl
S g lllun il 5l 5 )Ll AL il 5 0 s e Ll Gl

! Ll S cr
| T —
| .
/\ /\
() (w]))

wuﬁwal@‘;)ﬂww‘%J)ﬁ))?kﬁ}ﬁ@&)jUMJ%QQ‘;&]‘:‘&}(Q&‘ P/\_\”dj‘ni)
;,.sg.wlw,ﬁﬁ,;;,gﬁ‘uu,w;lgpl;,,uu:b,(g.xswwwaq.,bu‘,u&l;lw;i
S e s bt Hli GG o) ) il b liie olie &

P /
T Q
bl Al s

I
u&'ﬁ‘d"ﬁl @ ™ N

SHOATAATD) 3 Jual oy 3 e
oo shls s @UT),W ALl
o olss ol o 8 Gl 53 85 oy
Pl 51 el L3 4 33 s 6551
oBals 5,0y VAT a5 lia s o5
o 5 S Koy 53 a4 5 0 55
VAYS G AAYY bl b A .calsy,
053 % 2b e K ped oM
crmad 5 gl ol Bl ddllas 4 i
\,J@u}gsbﬂg,;@}g b S
35 i ) -5 e VATY s
A aw S 4 3T S5 e o8y
8375 VAPY Jl 5 1y bl 201 il
Aosbausm sy g pdn s S

A VAP s eblitan U1 55

e Ve ot 99

~o=e\f.4w)\eﬁ@dfmew)lezﬁu‘s-@-’@bf

Ol 48 w3 o 0L | candiis 5 aldy e 0 S Y
2 LWl cgr cnl Gl s s oI5\ 6o
S et e glows UL, 4l

ol ek a3 b5 el © IS 5 5o ST
$5 908 g0 2ol g a 5o Ja 1o bl Al 5 S

iy



A G ot St 3l |y IS et sl i ¥
d - N . . . & -
® ® ® |®8 ® ® [T 025 A IS gm0 el ol 31 5 e 0
B rem——
® ® ® |[® ® ® Sl g o il o QIO > g
® ® ® ® ® ®
()

b liaols 1 sty Cunl 9>

S slasle o p s S g3l ol (g Sy S Bl S 0o 4 0l ol ds 504 0y Sl p s~

Al 2 53 5 b 1 g Sy Sen sl ) 51 Sy p 5108y publisn i 03,8 18 sl g lisn ol
6\1:{,:\);6;}“,@\@ g W s Gublian glas Cga OYa 3 nblinn (lae S bads ol 5o 56
A 60150 53 publinals 155 0 “guﬁbwbﬂb-&-&, RO ) ) bl (a5 g 500050 dea
31l s pmeblitn 5o b 55 a8 LT Sl 15 05 g bl g (Galll) (525 5 ot vk 00 00 30 oy
Shicl G@l gla ol oo 5151 iy Sl guueblital )l 5 gunblin 3 5100 5o ails cublinn (b os 55 il &S ]

St (VWAYVAVA) 5l G5
Sl 02335 05 925 QbS5 5|
U1y sss 8 5 ael Lo 4 K0 50 8
sy dpds K s pie sl
&Ab)awqw.:;)‘lﬂ
S oyl sy Sl 5 S
S s 5 ol DAYl o
dml EJg.Ai u...S & é&}a w.)bu
Orad Sy b bl S
5 gbliny S 550 25 il s
S g a8 s 1S S
Sl 4 sl o ST
(H) g5l 55 oo sl jue

o) 5 ula.’.a'

ay

.gj\adjz‘.s:}d.ﬂ}a&;d\)awbl.w\i:

b S G ot

3 g dbul S glase o)k o3l S sbamio dw)séﬁ.&:\'@)g
sy (@M);Lﬁ\j\o\}:d (o7 b & 0 g g 0 Olaes opl 5o SO 6551
il ;U.H .J; solazal lae O‘l\ B djj\ 8D ek o\,&J; &“’LL”‘ Ol .AJ};
el (S A gl 5 2 sl 51 (S 05l 5 sl

ol ol ams e ol O slie sl S 5 ojlsl o ) Sl wis e VALY S
éJAcL.wJJ}L U).).)\MQNJ.&‘}CQ)ﬁwa)\)&.uLJubéd))w\%fb
(H) s 5B o6l oo ST 2o,ls St 3,8 o 15 ol Jols o glaad i 5 S
.))‘th

» AW ke Sl g W JSi
O sliae b S 5 el




Sap g el slae ol "“Jg‘ Hips Yoo¥ IS Glae | ol s g5l — 55 ﬂ
Caglin i b oot iy S0 4y e b 4 & ol (6 S5 il i S

3 g g S (e lidn Slion o e 510 53 0l i - 458 g0 ekl 53 0l B IT
21 pn 558 S w3 ) S a5 01 51 6 g pmabliin , Lk ot 5 5 ~ 4, -

23 4l 5 g oS ooy ol S o Sl 151 65 0l b b 056 1l oS 5 5 0 SN |

Z 5oed J o {
g sl 51 3 1 m ) (Wb g o 51) g Sy T e B O

gl 565 S ey

A=Y gwloyT

Oge ¥ M )@ — 394 )31 LWy s
| ¢i- T o Do

L0+ 0) f Voo DU ) 05 ¥ s Sl )00 bk 5

/558 w‘#‘)m‘&)*dﬂe\e(éﬁ Y)g«lﬁdj"le (YL L 50

— 1= ol Cré

s K vty A S Blas (5510

S i 1) S Sl Sl iy ¥ LTS o | S e
|y asl Jds S8 D»L:ugf?%lfgajck.;%)g
X a1 a5 a & SHe 40058 50 a8 sl
o &1

sy S5 S Gl 4 o S gl dl5 0 1 ey
S 0alitu] 5 (3 30 g0 2deal il 7 sl 4 &) Glige

Sl Cwl 95
G2 Jlis) gbabels s b SWI s 18
salalu il 4 &l 5 0 8 5 g 0 5 SWBL L2158 o o S S ol i Bl K 51 g & i 3T 5y 5
1y S5 s ST cp) g 8 a8 (6 - bl el ((Sls 5y solonss ( Jlio s1) aily Joos ol 4 & (6 K3 o o
1L 3 1 ol 5 o8l 0l 53 ool b SIS 5t 0 sl ISl bins o 15 JUaST B

Ol 15 oY s b S 5 8

A;wu‘b.);j\)w\ju})ﬁdwds@))gj\éfﬁ‘uhf tLhw\jug‘)J &)‘)(dt‘.«.&)uu);}lﬁdLQWYJ)
7S 01 gl 5 gt 0 g by o p g ol ga i (Sl y S LDy 0 gr i Loy 4 g0 15 58 52,58 0
ol Gl 55 Y 5 m lhe a5 0500 05 sl 15 00 0l 109 Jles ] 58 4 VL SIS o o 5W ST 05
3 0l 35 Ll 3) e b it o 0l 58 ¥ b gyt 1y SIS et )51 5,8 g 1 bl
8 15 oz ey ] s 5 8 a5 el s o ol

4%



Bk, L) sty il v 93

B gusblisn glasn o) B 5165308 0l - 03 o0 0L bt W1 51 ey 81 1y slosles pislo3l olonsl 5 JSCa

Conslio 5515 i b 2415515 6T Oy plown 53 & $1,38 0 ¥ o 511 6 puablisn Ui« B glown ol - 355] 3925 40 1,
w030 05U L S a5 Y S 51 (50 DU ot 50 5 ) Bomy bl Olas N By 3 0L e 5 L)
20k i rimad . daloul o dm cpl 3 G Gl sl 4 & a8 a WY oy s |y (61 e g5, 5L i )
S 0l 5 O SRS & 555 g0 0ieal Jliis G il 3 ) o9 g0 V oy o QWIS e (65 0 ol ) s oY ey

8 Jazte K5 dong 4 oy 51,

(i W() '

o |

KOS LR o R B STRas E R Rt ™ agl JE
Yoy 3 WIS e g5 3| e Lo s T >4 e
sbu) o ¥ By 53 0L 2 i Glajed 300 00 5 0%
23500V o 3 ) IS s g0 ity - I
|I [ O W}

ol Ol asis ool sal 3 gy 4y S pin 5188 oyl 51 oy 5o
W1 sloes lo W1 o 1) (glazaal b & s glog 16 S5 o0 SIS o
b Sl ‘_;LM.EJ.,CLM bl b 1 el 0o 8 S as p gl il
Fanso ol 5o (oms, JS) ol 513 ;W‘g*j SPET TRESYE
> Rl ) ) ol s gln (6l e (b 8 ilats A L5 g 0 S S QSN 0 b ilie s
1 e SR sl STyl LT T b e b 5o o s e 55 e sl 3
2 6l s phu o w3 )5 i S - i R ’ i
il 3 ges K0S S o bl o 2 2 Uy lake 5o e i Jilie

SWla dge gt 513 SW s Gl b By iy SWI 3 sads 35 65 5)

Gy 5 A U S &0 4y S sl pann (SOASUN Canslin 5 (6351 el 51 g a3 r 5351

oy b S las 55 0dd o5 6551 lhie 3 g gn 0,3 S ublitn oliass 55 o
g Sty 5 Al 51 0L (s 01

U= %L[Y (A-Y)

10



gy {,Liu ARNZY JS) a, S slaal (550 Bl 4 1y SGI ) canslie 5, ol S e s b5 5350 T ol b o slie
Gl 53 (65,1l oS ks a5 Al L a0l e 0 0l 51 655 e slin 510k 2 —
635! 585 5 o caslae ) GL)T SIS, s S o s g s gL S o5l a2 R b
bt e 53 6 15 gk gai G (551l -l Gl 0 5 0l o 5 s SWI s

Sl SWI UL ol g B s gt o 33T a0l 2alS s 5 s s Sl I
i oI ole @il caslia ppn papn) "m0 b

o) oS cawl glasks cuslie WIS
dpdpe A ciSy Wt b & 5
ol Jolbs S 530 s 33 0550 0] G
B3k ol S s ol e
Yot Jlis,
(Lg)\g(,f)d,méduabﬂd.\,!jéj:ﬁ\djj\oﬂ;sd\j L) ise sl Sanddde § ; oo plaai
SIS 3l oalial s g 5l S a8 b Gl 1) G ey slocsle s 15 0lS i 3wl S eolizel L b il
SJ;SD?)*"OA‘:’L‘J?JABEMJJ ‘)éfﬁ‘d}j‘\/°kWhv\3‘}"¢UJML).»\E}}L&”J“&)}UJ\%F.Q;vw‘&_?)j
ue"fé/\_\‘ dslae )‘ el 0 0015 [:*°°AQL~J¢.~) U= \/"kWh)Lg 3 )90 2l 0 D LS)j\)L'\-B-‘ éwb
:\"-i)}]g‘ sty |y 655
U=\/e kWh=(\/ex\"W)(Yfeos)=Y/Fx\o"]
?
U:lu*:%:ﬂ:w
Y I" (Yo -A)
"\.’.LMJJ}?;")};).\\)YoOAGL.J’?J“S‘};BASJNLQL“M[’:A&JYJ*GA)JASJ)LL‘)L&Q‘.’.\}O}}‘ .Y,:;swo.)m‘d‘\'
S Jooni |y Gl ot 5 5 dutly st an b J pome (1 oo 51 VA ST CSG 55081 il anils 855 sl s
tw\x@us\?;jwu@ﬁm.\i\anumﬁdumm@;g b (S5 361 o351 4) S s bl

=\/Ax)"H

33395 88,0535, 2,819,038, 85 .39 5. 3,596
Lo 55353 B o Glool&ians 3 6 530 2 bt olbes 530003 6351
5 Sl 0 ey 55355 65b 4 )90 YOO spum badyl dony 5)ls i g0 b
oo 035 Y000 bty gl vy 6 (153 donn op) a8 0 M 5 (Slig 8 bl () ltse
5 33uiien b adyl dons 53 0l et 035 82 1 Sl 4 S 515 S 56 s
2> s olp oo (S SIE s (658 5 duy 0 io 4 S8 o b publiin (o
Sl boled pwblian gl 5o 0ad o33 (65, dod ps a8 o Wl 4 5l dony

Jepp 58z slar Vel Gl can & 08 o ad 5 i 52550 padd Sb a4l iy ) glabax
Iy publiie Olaes 53 0 0 33 g5 5) . . . .
3y g0 il G0 (oot JS) 258 550 Syl 5 198 5 C3 s bl

if



W Wil b2 11 =Y

e ol sl Tosr 0l ola g o (Els Gl (055 04 Al o
) < - Ol Bls 0 gmad C3 5 050 G Jon U 5 o 51 (S S0 551 sl 5
| Aol 135 g Sala (0) 5t 0l 5 eslgSiens o s 0 (dC) s
A‘{zw Sl b (Sl bl 2l 56 w5 s Jasl glaslla 151 3 S st
bl 8w ol

) ~ i o0 5 sbolen L ans o LS |y st 0l o 5 editane 0l Bl Sl 53 VYUY JSU

MUUJQ sgjuohﬁ)‘#).)éél}).) cw‘cf;ﬂwo&ﬁ)‘#).buhﬁ%

e Jlae (W) wp_p Jsb 5 R o g )
Sur ol oS ks S Lol 8 sl .8 S K s ol sl | geme Cg 0l 5 o 0ley ct S L ol o

S sk obp Bl e (@ . . N .
olos e Lol 5 315 ol 2 PTYY S 0 g gr sl g st sl 0l S e

S o i s s 23l Ol M 5 ¢ uablinny SIS 1 g sl )8 51 S0k b 2 a5
S ek a5l 6o Sl Al QNS e 58 M5 Gl S mas ) Sl e Ll
g liia L A5 50 04505 i QIO 2 ad 57 a3 5 5L e 1 s )
bl Glase 5o &l 5 0 &m0 QL |y Glaomy YYY IS .l @=BAcosO son

\/ /t .A&ﬁ.’[f}}’b&)})“‘}&‘

ok
(g s 2 30 Ol > R JSiD
el sk b 2 g 5 0 5 sl

AN
(i) s S deea
- b Ui ) des
S ok obp (Us)55) e S glpl Wi w Jsk
ecblie 5las 53w s 2 o 01 S s 1 b ) (SSGe
Sosl e dsm s m olae ), psbe Sl a3

))th))":"ﬁ @‘A)}L&A’L’y}f‘ s C)li-)\) YT J.)\M ‘4"1‘@“"_)")}3]5
e R Vg T P TY % 31l & il F Ome s doy AISS Jsb 4l TJU,:.-;J_-,

OQ}‘)s@Ltw-\f)‘wc(e:")MLML&du\-\:ﬁjJ}eﬁt:"AL.’L!)JWCLM;\

t
Mlau.éu}uul.d)lio))) \)(T)W&wa)}.);giub) C"“""UL»J\) (?)(YTC) j‘j

CD:BAcos%nt Ay

v



: '\i‘@ Ib----

. Y
I=1_sin—t Vo ¥
m SN ( )

o
(5] J
1 ‘(“i
<
1
1
1
N

§ s o oL Cpezead VoY Bl Ll oy o 0ad W ol o &y T daly o0l 0

0 ot 2okt Ol Ol 4 o pary S el g ssb g > GOk
~‘:AM\DMPMJYO—V‘}$~:)JDJ)JQ$‘)Q t&b}%ﬁdl{ﬁd‘\)l)}d °)}5i5~!_J5‘;ij:w

lgla s s g g ool ol sl go 5l sl 0l o M 5 51503 5 o8 5 50
AU Lol 5 Sl eS by wtao Glodl o 3 a1 5 0 0slite 0l oo slod 50
il p 53 (So Sl al il 53 6 a5 ol s s (VY JS) a2 e L]
Oy 0°HZ O geoty 5 aial oo 00 M 5 G 2 daleas 1) CanaS (0] 43 2 g0 e (1553 )90 O
ol () Hz L 5™ dalas ST 6 S s

ol ok 2

ol s 0L 2
(JUs) b ohas G b &) (S bl G b a)

o bl o 3 (W) Wy JSib
Bary o (S S bl 0 2
3 e (@25 5 0 la 0l 2

dp My s (bl s
UGV Ol |y g gimne oslize 0l o 1o 50 )4y, S
¥/ of----- :\JJLuCﬂw\oJ;J.:JjU}L«bgL”J»Jj}as&ASJAJ@

et 3 1 0l e 5 0l 2
t (ms)
O/ \-/ sw\aﬁéb/oms);&ﬁ.@)of:@lﬁ
bjl;w ! T = Yoms j\j Q}L'J 692

)"4’}._&3).3 .@‘Im:f/°AoL_ﬁ-%c)\é}Asﬂ

:f'i)b ﬂ_\‘:k;b

. Yr . YT .
I=1I,sin—t=(¥/-A)sin (————=)t=Y¥/-sin\--m¢t
mSin = (F/-A)sin (=)

ol S a3 il Bl 515l ol ] 2

A



14

7Y (3905

o) I:(f/"X\ O'V)sin\’bonta)}wq SI&L&KJ”WJ u)LJ.o u\u—"- JJ}OA&ULO)_UL“J»:JJLU

Sl yda> b= Noms yt,=Y/oms dasd 55 53 ol (Al

S ey JalS 55,00 S35 1 s — oz Sl g 5 sl Cnst | ol 03l 8550 (0

3l 5 Gl Sl ol de yac SN G155 pss e sbui 5 (S b Ja
S ol b gldob 5o Sl Jasl gl cwld de 5l solal b ac 35Uy
ol 531, ol SWI LK pl - oS oalizal oS sl 2 5 YU slaslds 51k 5,05 oSGl
5 o3l 6 536 sl Sl 0l 5 o b A & a5 L s abs o S Jlaz)
25 2524 g0 e Sl A3l 0] 5o G s
) S o ool Fo oKV 5y s ooy 51 Jgane b ap S, o)y Jlis! slo o
s s Sl by cale s gangle Sl el olaadl s G b 51 (FAZY
S e 81 21l S5 S r (6550 551 B e e 53 5 6 Smby S 4 S5
o Joee 51 ooliianl b 5 35 90 55 ook -l YY 0V Sos (o) 528 51 55l 5 041 o SOl

..)Jjgo O
VG 5, Jls) b phs
-t
,,;;/

ol b AB o0 ‘,AU I, 5y ‘omlsdbd.\:.o o i 6Lq.'$| BLIRE L w‘;l fookV
et S Jos &y e Sl |y (S 2



HEEE EHEENR
o5 sl b Sy oa ol glal £ K (I
Tl Sl 250
£3,05 g d opl ol S 5 sl (0
K uas2)lsSsS S oo al |y dems allo
Sadl pdyolasl b GME | 65 5 Cylan st saely
Al S5 6 ol 5,8 Sl Koy (O
L 5\&(\-\5 sk So 8 s 5, g‘xéﬂ)n

b lido (5o 39 30 319 311033 339 419 umblio 59 i Yt

pirsp poeblitn Glae 51 s on 035 e

23 2,k & o ile o S8 il b jeas
sei8 ol 5o b

S ooy cste sl 5 o)ly peblisn (65,8 Cg
.,\,...SUMJUJQ.«).» sals uL.w le.hg;n:-

ﬁi Wl
el

@l
e¢T

e
Wl

oblia o g gl b 5 ulblita VY 51

5 IS 53 peblite Gaajie (5, Sy 4 42 5L

smorblie glos Sladas g 5 Sl 1l gl s
S et |

© ©

ksl s pasal gl b sld sl ol ()
Lol ol sl s (51 1y s 59 S S s
S ol
2 IS LﬁT 39 O gmeblitn Olase blas (O
$$095 9 1y pmablia (gl 55181 el okt o3l i
S denlis o2 | LALJ;ATL;LM,LE

iy Gl oty 1y ol S S dabas K So 8
J))lyu}ﬁj‘)g}gub&mﬁt\)u‘{'\b'?dﬁ

JAS gl p 285 s

b 2 Sy

\oo



(©)

2ok IS Gl el VE ola il e S
5l sba el s o W) 554 o (58 ey
L o greeblite olae 2505513 50— 0 8 bl
S o/ 0mT 55151 5 Jlok S bty ool 45
S L 1) ane ol 20 2 355 bt (55085151 (I
A s ol 1) o sue Lac;M,J.:s T pes Jf\ (o
Sl e o2 808 558 e 5Ll g a2 05 GLa
(g = VAN/KE) Cwl o S A o el Jb

AAAAAAAAAAAAA)

—3
—3
—3
—3
—3
—3
—3
9
—3
—3
—3
—3
S

AAAAARAAAAAAA

i
S G2 51 Job> gumabolido s O

14 ko VU 15 S llan (sl (5Ll S
236 i K odS s b as ey - ol o
s o o bl Cards

o=
. B

o

ol T ol ol & IS Jebatean sbler, il
S et il 5o 1) Ol Sy

WLL” Ol a0 $/ExY e 'm/s s b SFIn
S o g Sl S8 o VAT 55lale sl 68
3haigs F0” osl3 o B g b 05
P o Sy T Y I Bt PRT-FYors SAR (W]
PP PR PP PRI | Ve { (O
ol o 5 VXYM G555 SSSI L) S Gl
.(J.;J;u.)éi)a\/\/X\fwkg |y

Sl 53 U Sy el b i o 555
B g E S S Sl & 5 gt o liad 3,15 X yore
E=$0:N/C 41, b glae ol 5160 (15 JS2) 5,05 5 95
slasal glaa 5o b asl jads 03 G5 .l B=</\AT

S.Ab.w.n\.s\g}é-dfdfx))m

¥ + T y

X B
[ a5
®| ® ® | ® | ®
®i> E X

SU2 Jolbo i 928 g uablido 59 e FY
Oba il o 5 3,15 uabliany SN (65 5 Cg

ol ]y v

Z e
N S
(@:))




ke

k3 3l gn bt 5o 55 i o axul 4 am 5 L
S oS 1) 5 0 e 4B

bt 5 51 s 5
i el b B el gl
I8 (515 b i )5 (15 puebliie
x5k Jols gt
w3l Wl
03146 (b linog ySI1 G 496 At

159 31385l s ol b slnailr b s

bl l) dw g bS5 505 b o .f,,”\w;

olis L ol Jals s 5 (65l e 53 5 SS9

1,
\M —

¥

A.

1y S s & ol diln Y00 Julis gl laren
Sl oad samy o NY b o J g S
bl ()10 53101 al o/AA 4 glares 310,38 ol >

S Ol | d sl 0559
2adsb s %o 2 Qs P Al 55 55 S
QU lases 593 0l 5 ¥ 00 1, P D glases 550 liss .l
3168 500 Q U glacs 3IVA gl Sl Yoo Ll
bl oloe a3 B Sy b Gl o 40 P e
0 (4 arns 33 5 5700 (6 55) Maka 55 4 s 55 51 il

§3 gni
Q
P
L\ .M
Y
A
Sgo uublio b 5 319 P

|y blitas i $ols mblite (slaos e il S

oo plar & JS 30 0L B gl ol 1353

raeblites 3 53le o 5 oo o QL;‘;;E;,\.@ Sl 3l
S e o S5

\

.Y



\o

CL.V/;\M)L;GA‘J}\CAPJ)L")J °/°f°TAJ)-\oSL;4ﬁ-t:
L g g1 & s (65,0 55100 sl Oocm” amy ddls

oS Ol | a0

M gy
bl &l G 5 S aillae 1 Lyl SO N s
...\:.'Sua:'ui.u\i\a.)g ‘)&w\u\iﬁ%.ﬁsw&.)}

Sl sba (IS Gl | alis gl bl 5
SN EG,sba wS o ) e c}ﬂ-w S35 Fura f_ub‘
Jo 53 ooy o SIS o 5 g Sl Bl 51T 5
RS AN RN 2 bl sl s, 5
ol a1 (65 cmn bl e 30) - 08 Auslin S8,
(~Ju:-<‘. sx3b |

obis bl gloails 512 5o 1) GWI ol o> Cg

.\:..5 W‘;.ﬁ) d‘lbdg‘w).) sk 03 la
I
A !
I
I->
b I Sl I ol 31 b s T( A

gds & 25 sl s Gl 1) 4lin Jslorns 50
25 GBS 511 s Cilys mles S oy gl
A s G by islise 55 Jy sl ol a]) s
(S oS
=)

o) BV a3 g s 1 iy S et 5 JSd
ol Ben sl o oK 4 4o i s b (535, 1 el
W s Ol I)‘_g»\ccwd,).\.;ﬁw
2 3 g gl &0 Gl il s s i 2 1 ()
ks a3 o0 LS gl s & (gaae b g Gal3IL LI (O
], 7,
s &) sl 900, s a3l s g1 (0

3 a8 Sl dls Voo db\w\s‘;\dﬁ‘shéﬂ.‘»é@u
Slolcge s ol FoT 531518 ool 4 pudblisn ilaes

°/°\ °SQJA).)HL&AGL\?A ..))\.))‘j; ‘C«m‘wdgw‘)



Ik Sl g il 31 5 g 5l o 218 s (il
$Casl i Sl ol o s 10,8 L

o 88 sl 3138 L () gm0
oS i Al 55 ) QW1 L2

5
e ©® oPs o o
i i i i i b
= - -
® gyl ® ® ® 172 ® ® I
v} 'U‘ } "U} "U
| © 1l ® ) o o |
L _l L _l L _l
® ® ® ® ©® ®

V- SPNCK PPV WP FEN PSR PR W+
a3 ga s b8l 4y G Conoy a3 | il o5 S
45@-*‘?)}"#@“})6‘}@’)-’ L sWIol > g

v v v
— — —
( B
\
\ Y
oSG 1o ¥

() hores) SIS Jalis s o oL 1 ()l 5 SISt
il ey SSiy 1 ga 5 by o el 5 b5 5 5
SU 55 oad s p 5551 ‘nglijl;l)ﬂx’”;,,.&ma\};q;\

)
i\
I Y
by,
.
® Ifb
oo Wil yb 2> 11 =Y

(E:«.«v\ O/OYOSO‘\'E)}'))Y/OAU“’:\M:‘“‘:’éd}L‘:"UL’J"
Slaisd do ol diniy G ol o & (ldand ) ()

gw‘)éiaulif«tZ%s 222.‘)3(9

o S ol 1 Gl Jolo e 5SS

bl il S e Jdo S5
I I
/ A oo &8 o C
s £S5 > S
AL ;&é:})gth):\ﬂ»};
DA TS ol Jals 5150 one

K

comdﬂhd}).)d\ fJ&)\.}

@ &U:.o O)u.la LSLQC"P Pr ‘}J}

NS oSS o4 S
a2 oo L QW ol
4 e o S5
seebliae glaw G550 |, JSe U b, 5 S
Gl tmies 315435 S mics 3308 B o158
S S o Gl B b 4 CD (g6 A 85 0o 0 ol

Sl g o 5 sl o QWL > C

® ® ® ®C® ®
I® ® e ®

i S ol
I® ® |® ®
® ® ® ®D® &

‘)&m\okﬁ%sj}d&i).}b.&ib)‘.}éhﬁ)‘#).}
P g s S5L 5l 00 51 p o R Cunglas o

J)‘} \ecm CL';J‘}L 4 ‘L}g«/ Tada stlM) :\.ZLL‘:n
ol 31 e 5YomT 53151 & Sy gueblita e

‘J}jkfd C)B

\of






Magnetic permeability
Thermistor

Dielectric constant
Induced current

Electric Current
Alternating Current (AC)
Direct Current (DC)
Surface charge density
Loop

Magnetic domain
Capacitor

Parallel — plate capacitor
Discharging

Electric field lines
Magnetic field lines
Self — inductance
Electric dipole

Magnetic dipole

Diamagnetism

Light Emitting Diode (LED)

Electrostatic precipitator
Rheostat

Inclination angle

Drift velocity
Triboelectric series

Solenoid
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Millikan’s oil- drop experiment S &5, — o a8 ols )'T

Permanent magnet
Temporary magnet
Bar magnet
Horseshoe magnet
Supercunductivity
Potential difference
Voltage drop

Inductor

Electromagnetic induction

Electric induction
Magnetic induction
Electric potential energy
Magnetic energy

Net charge

Polarized charge
Lightning rod

Angular frequency
Leyden jar
Paramagnetism
Conservation of charge
Potentiometer
Charging

Cosmic ray

Coil

Corona discharge
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Series circuits

Parallel circuits

Resistor

Electric resistance
Wire_wound resistor
Composition resistor

Internal resistance

Variable resistor

Equivalent resistance

Light Dependent Resistor (LDR)
Resistivity

Electric motor

Van de Graaff generator
Electric field

Magnetic field

Magnetic declination
Lichenberg patterns

Electric force

Electro Motive Force (E.M.F.)
Iron core

Tontophoresis
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Magnetic flux
Inductance

Coefficient of resistivity
Permitivity

Capacitance

Insulator
Ferromagnetism
Electric breakdown

Junction rule
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Faraday’s law of electromagnetic induction

Coulomb’s law

Lenz's law

Kirchhoff s laws

Right hand rule

Magnetic inductionSouth pole
North pole

Polarization

Faraday cage

Quark

Quantized

Magnetic axis
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