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qwieTe T TEE | GSIED (Il GasiEd Al T TSI @9 WA 9Ar Y Satee
e A |

=

S T T A T T T T T L
S R BT T e Ty
..Z" K3 = o e Nd e aa e e -.. -‘.

() B9 (-4 wasmeEe St

B9 1-4 (P 0741 TP (4w G491 GTA (Tl TN (0T T +Able- il T T VAL AT
W S ST OIS I W naa g W SHEIEE T A0 49 (UG W 5 Gl R
GAHIE W (T TS T AGMIG W | A G (A SO WY (RE |
ey-ifer g 9o G Hitm g 9% ydee e SiFEE T T @ Gl S
wewarsl aE (amplitude) 7 e il =31 | 02 BRE T s AW g3 #Ebl

S BT SAwl (@ AR AN Al O i) BHO ¢ wRieE wavl vy w9

E021 0 O ) T 1 4 e VO (1) B 40 O I o (ﬁﬁﬁill.ity

factor) %(l 1c0s8) eiheH A G O 271 T SRl TR e el favasy fiee
e @it | Fraw e w9vl Y i = 0=0 932 Bsdie few a6 0 = | 80°, Seas 7
fire fedfa sjelles %(I.+:msﬂ"}=1 g4t f4rdte fumm fode e %[I +cos180°) =0, &% %

spoyren® warwin Eigel <), Wl omleg Tawl B Al
wirswi-gs 47 S sme g G499 mEE e 6 SREREs ) FEes A
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1.4.1 FEAE-ATe 9l Sita efoweam ai ¢

TASHOLT Boig IS AT TE TAUHGT (wave normal) | GG 2ifew=re wwm Baim

TAHR WSS SIS Sed B (IS A, wEE 9wl Sieereg ieens BEl (e
AN |

’ﬁr—l-ﬁ warsia dfewan

XX sfiewers oo Wi oaeam saen WW walba Beg wivifes o was) wiceas
i XX O A i i By T | 7R SRR Woahy afewes wa X Reps o
T TR W el W SR ofTeig | @ smm W oelhe Ten X W it s o e
X Regs ol (st =i-sasl efvres seEm T [en ae sae 4T | g9Rend 34a
TAVIE TGO (-G R A (U0 wwe XX elfeween B Al e offem wm W
A W Rrre T2 | SRR Savl 19 ofFam X e wane @e A A R e e
(AT SRRy afwERs SET e MU WS FA0s diey | XX o Beg afelh R e

@R el FRE RIS T e eavl oem AR i on g ofewhe saend

(reflected wave front) | @2 Tawiy fidn TFa0e 2|
1 AT A @V I W T w9l X e ffens i ¢ ¢ 9k oemieE
o - T A 2 XX oo T A Rge offens ware i sl o 1 XX
sifewers wa Al A ©E ¢ WA XW' wneiy XX o e |
WX =XX"=WVi
AA = VI’
21



AN =VI-VI=V({-1)=WX

wwad A e Geem oMo Te-was] ¢ - f FWE AA" =V (1 — 1) TR oA sashe
Testn F0a | gt X Fqre Beely oM aqewoei ciiFmsee T = XX = Vi, gwag
1 7E o AT TasR T wge Coit warel A opfee XA'X seed XX aag

AA" T AUiEE WX 4933 AA sl wfeerrn dfesle was wfees |

wAUHSGeTaS S A el FHEana 91 A6 | w6y Aferne $Ea AN was! sy
A o A i Beom T A RS WS @ T NAA=90°—f

AN = XX' =feme orEm Bim ooy He wieem )

WEE, AAX W 9% AAXA" TR FEY, LA WX =ZAAX =907

qi W X = V(r—r')=ﬂ‘A°, XA HuEd |

LZXAA =ZAXW =i

WEAT ANAA =90°-i

S ZAAN=ZAYAN

wdie Tieea @ = AfTwEE @i

WeYd Faew wavl e sl el dfewiEe e ferEe sask e A «ag

b or e L A B oz 1 e e e = o e

142 2RUIE-E S qat st afesmred Tt ¢

e (EAE e SAcsE @5 SN 23 | Tedd @i 96 Saehy §eed (@,
WEE =0 (i A HUee @ S 90 |




w1 AT A C B wawnpy 46 warra f[Aren ©n BA, Siegrd GRSl WaE 40 (2 S|
ey fHven e et i (1 Besld 0 | 6@ TS e wEe B (iHe) S e
@7V, 9 f[{ren wrm A () Nam ew e @6 V| Rsw o Seree st
weEd W G3) Aa T A g 6@ B 146 (0@ Vo> v, 92 BT 146 ()
V, < V,. 53 AT ¢ A TAURA A TR (AT A, SRR S A | '

o AA, =V

G2 Tl B e Beddn (M w-wami wfewiy @y 73 VL

- & 16 (a) 5 Vs = BB" < BB, = AA, = Vy

Wi 5 1:6 () - 65 Vit = BB > BB, = AA, = Vi

WAl SIEY ACB-a3 B @A 7 C (i CC, wivl Bfeers 919 oAl ¢,
e CTene €91 TF [ 0 @0 WO A, (W0 A, (5 A9 @S TN @~/

s AAL =y ()
G2 S C, e Besl oM weael ofoE A v, () 7Y e w0 |
5 CC = v ()

W4T W v, > v, C,C <A A,

G I v; < v, C,C>A A,

A,CB = =ienss aiam =ron «3g wesy e savmy |

@ AA, = vt = BA, cosi

@ BB = v/ =BA, cos r

g { = 90°-i, i = WA T

r=90°—r, r = s @

AAy it _ BA- cas(?ﬂ“ —1') L it

YEAT Ty : 5
BB "' BA, cas[ﬁﬂ] —r) S

Y _ sini

v.  sinr

erne(1413)
At W T4 A @ T4 AR W a9 i > e w3 e

sini

el
smnr

3 A
UG Fe T B (7 T @ AT A @ 93 Ted i w5 Fehe-aa
<l wrg fi feifre Fratw e aftvmret Bom =fmics M2 ol (i wge (U e
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A AT O 1> TOAT F o e A (1:13) @ v, > v, Frrgie ot

WWlwﬁwﬁwmmwmﬂmmmwm [v=v, T
sfeviEs Ay 2 wweq] AiF|

g v; 8 v, KB W Faw, o :::: 9. e . Be (114)
e (1-14) =7 g T@ | :

CRITA| T T SR 5 2 v 38 70 T ST (@91 2 ¢, O S (@ e i
53 affermars p () | T (1413) @ Fwgre @ am

T vy '@ v, 201 T A2 @ b e W a1 9 -

sind _ Sini; _ Py
sinr  sini;

—”‘t L _"l-lz =1,

e 1415)
(AU § = 1y AT 4y = r, CRCEY ETA Sfoviel 26T (reversible), ©fF i, @ B My
wieEs I FE Tnm
coppEnEsaeeindy | . (1-16)
A (I-lﬁ}ﬁﬁﬁ%ﬂlﬂﬁ‘i Gl :

TR AR e i @ A @, 7Y ke 998 9w | Ry @ =l
B v ARESE ) (wdfie R o) SifEaEe )
Losing Yy vk A e el LU . (-17)
Si.l'lfz \"i"z V?L-z 3“2 : Y
(Y TS T §,<i), TG Ay <Ay

wefie, WA FYET T R TN TG A T O (@9 @3 waw] el By
29 7 |

A
wflls}am[t|?]mwmmw”f T
| lfz?b_z=l’-1?'-1 wee{ 1418)
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7t 42 Reym g Y T x @R @ e Repen waiee win AR W @ g, wE
pr =SiERE {99 (optical path)

widfe. ST [EE = W @Y x AeE AR

AN (1-18)-4 A, @ A, Tawl trdiey wififes @y W@ We9d gy ;A ph, @
SE TErHE SIERR Sawl ol (Optical waye length) | J[&aRkR AN (1418) =t =)
T 3

Merre wirets Tavin wififes sawt tad Afen grere we sty St 3wt g
o W = A weifEae e '

i py,>p, TR A >hy TA

q@t qAF Ay = Ay + AL

o Moy =y (A +AR)

a ar=(t2zi)y, (B4,

i Ky
A
] %:% RS 2| R (1-19)
Wt m\.=[%—|]1z=(,pg-1}:~.2 ...... (1:20)

A mf-ﬁ%ﬂﬁw 4T AMATT 9ed WEmEE efewEeE |

FF (1-19) (4G T9 A @ TSl TH AreTE AT SAH Tl (7 ARTaSTE
TR AL W A ARART SIfgadTg Ttag AW Gdd SEAIS (vice verse) |

el WA 0-003 & @E W T S 131 AT o) o A A |
T W TN e Sael o ey =g

1.5 S oA @R waeenta TRl ¢

SlelARl AR (4 AR G 91 9 g6 e S s o ere Rftw e
o TNt 906 | G W i 3 OB i o A gEiE o ot T el I
T O STASTRE W | W e O (8T G iedt wiet sifen 2 et oIl o
Bora e Sl (I FAW-SCE) AGCE O Bota A Tl e Bu w6 ety | G’ WA AR
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4 2 AR AFOBA (interference of light) | e #AfwtErs s a3+l e =nsfa el
78 AR | ! FHR TS “Aow Bor @ W wrent ondis e @ B e
Ewwwmﬂﬁwmmwﬁm%mm%ﬁmﬂmmﬂwwm
a1 fTehA-a3 F77@ (Newton’s Rings) 932 @2 #rsics a1 FG5n-07 2o/ sifv) (Newton’s
Ring Experiment) | @ R @2 99t =@ RoifEs s ste@

A T W T @ A e $eifiviven B e o i @) St whE e
(WA o OIS wRe a7 WEE G061 e ATEER e A @ele W aak
ﬁwmlmmmwwm-wwwwmmw@
=l A5t stom a1 | Feia ©f T2 77w @ Fa A~ St BT W i
qiadll ™8 Qe WIS | ©iR AU 9 FEw s 9 =A |

TAtvlE Belfaelie @

1.3.1 S SRS TR wietial 2 e | BF S (1011) i

B B St W e T Lp{x,i’}:asin%{xuw}

% ATERd (AT TATHE T HAae (differenctial equation of wave) R ==1 7

Sy _ 2mva 2=

Rl e S ,
. %“—_ ﬂt;‘v'zasing%[t—w}
=—%\f!w{.¥,t]
IR %x?-:%cmzf{x Vi)
%}’- —%aslnzf{xl—\ff]
) '
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5* | 87
a, ﬁz?ﬁ (1921
[tu{x,fi=f{x-\’=‘} e e (1:21) B w1 aw)

mﬁmm@mwﬁﬂmmﬁmwwwmﬁmmmﬂm
I Wi (TAE IR T AaaEE A 5 G AR AeEe AEEE | Sead 1w (1-21)

; 8y Sy 5%y, 1 8%y
TR G A T g, IRy, TR g m R =2l S
S, By 1w 1 8,
" ogt Bt VP & T vE e
& 1 8
£l g(wui‘ifz]:Fg(%i‘h}

widfie, 5 #mifEe = @ A (1-21) @2 AN Wy, 8 Wy TE, Wy £ y,-8 BF aT6
ARG | % PRS0 T AW O T B (A, G, o+, TR O A
il TR iR W+ Vaoe GFh TR ST, @ Wy 998 W, Taul SenT | OF e
w—af e T g weel g BeiPae T weie e B wieifee @@ o i
siEreITar e HerAlere 41 (Ut Frafers 2w @3 A wavt iR w0 | Y 99 M4 (g
W, 9%y, TEwE AN (1-21) & P9, O’ Ya 8 Wi (7 TRYRES TEET (R
TREEEE WEe TONN AT | G, AE T TefEenes A (prmmple of superposition
of waves)| FrHCsl Fifel age ¢

@ agE TadfE wfiwd s
(overlap) (i wte eifele e puie
et A olfel waresia foe e mmeb-comm 0

| )+ ugle)

sifera =i e e W =

wiigy agn Sfesy 99 47 e
wawt fiw e taf®y Fen s st ax s
stEsitam Tieet S At e it -
gfetg T8N 4ivE =) g -

Gofaelives @it

BE-17-9 y, (x) Gy, (x) T w7 Vi)
AT B OFT ST iReS T | '
g mygr Goh @ x=x. 9B e fa-1-7-wasl BAfEsie
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"-I*’l{-’f):"l’l(xl) "l’z{x}:‘ifz[x‘)

oo wif el yi(x) =y (x)+ v ()

«? Moz feferez Afboras a1 o6 s | g vge omil 7w @, @-F 46 waey
Ceifasie fesm B 3@ 1| ey wtE fyg oS S

W (x,t) 998 o (x,0) 2R e R o epere widie 74 el MRS s
mmﬁm%ﬁﬁwﬁwﬁﬁwmﬁwﬁmmﬁﬂﬁwﬁﬂm

(i) waeranss e 4w

(i) TRwiEms wiha 9 «ndfe

(iii) T (8FF (phasor) (15 *f

[(i) Algebraic, (ii) complex and (iii) phasor addition methods of waves|.

8 R Gl @9l #ife affmen ARuraas, o Rom 7@z Bafelinen afy B
41 7h| :

(i) Festififs ufe

AR S AR G G 2 w[x,1)=asin%?~[x— Vi) = asin(or - k)

4, w[x,t}=asin2Tﬂ{x—VI]:acos{mf—&x]
[1-11 (=) a9 orga 1] |t Tl (1-12) 93 S @9 o
W(x,0) = asin(wr -k + g)
=asin{of +a)
@A o =—{kx —£) = a(x,¢)
R AE 9 AT TR x =5, RS AT BAw v ) vl b g
yy(t)=asin(or +a,); wa(t)=bsin(of +o,)
RO GRS a1 A wnet @ (o).
wow()=wy 4y,
2l w(t) = asinwt cosa, +acosorsina, +bsinof coso, +beoswt sine,
= (acosa; +beosa, )sinar +(asina, +bsino,)coswr , 7% FH, TArgE T 7 () |
e |

28



491 9% Acosa =acosa, +beost,

Asina=asing,; +bsind,

.y =Acosasinwf + Asinacosar
al W{I}=ﬁ3in{mr+aj ......... (1-23)
T ST AT Tavl @9 G2 Tarer e A e Wi o -mee T e | o 5wy

A FlT Tiefoe TavEme i e g e e wil @il Siifes ol
Fam ¢ Wi e w9 | e (1-22) r uT s 96 T e @ I Aem wi

A? =a® +b" +2ab(cosa, coso, +sina sine, )
At A =gt et i dabensle—a)-t o v (1:24)

gsing, +bsina,

s tano = ‘ [
il acosd +beosd, EIVER ) ()|

wEaT (1-24) 948 (1-25) (U 7R warwiE e e v Wi e g

A (1-25) TP F9 AW, AW g s b T, O o= o DR pon g T 0= s,
wefle, Tefos wawhma @b @R e or o e Y TEreR T 9T T8 Gk odel
wEE T FeeE 79 TwE (o 3 b) @ '

warwtd StE@t (Intensity or flux density of waves)

AT Tarei Tael e 4 9T T 9FF R SesaTn e SE < 390
(average light energy per unit area per unit time)| «7® ffeadis (Irradiance) =7=1 | T
e «F e east T dwme R «fg e 98 oW SEE SiEel 9 SEs
ffsaeme 1w v 3 24|

wiElE G4%| 59 SRenEen T (electromagnetic wave) | 92 warsla ogeed gt of g
OB (1 O3 TE% Gl (AT SRE «TF @ Saras A T0 1 @61 oI Ui @ A oiEe
R B e o 5 1 s s el s o o o

1= A2, A = TawE fEwm|

A (1:24) 8 @4 AW L=1 + 1, + 2,01 1, cos(on, — ) e (1426)

@HIE g =1, =g TR oavE Fiedle

b =1, =p o sawin Riedic
wrwaq HaEad (1-26) (A ol it (A s S Sl 1 I e wHekEE
e I T, i Simen e Toy wiefag waia o o win 24712 cos(a, — o) 07
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giat | 4o wawt (@ A9HEE A (interfarence) TI0E O @3 A 919 S9iHS 3pe | O
6k Tifenid #w (Interference Term) |

@i Sigefa (1) 99 TEHE *0F o, —a, 99 MFa 847 767 T a, - o, 7 Gidfes
oAl T W AL S =y -y TR (1:24) (U e A Al

o, —o,=2nn =W EE n=012...

WA A=a+b

g 1 o, —a; =(2n+1)n ©@

A=a~b

mﬁaﬁﬂamﬁ%ﬁqﬁﬁﬁﬁﬁ%a@a@qﬁﬂﬁﬂwﬁ%rmﬁwz.;m

sltea SEel ZH “a |

T oy — Oy =2Am TF

(kT Lol e o1 o T e e o RO SO B 1l ) e s el
sigTyE® WfEsta (Constructive Interference) |

TH o, -a; = {2?14—1}?1 = .

Wi 9o T wReiEn ReEe Wi TEuR O3t §R TR FThEE T mOE et
(Destructive Interference) |

® fi WS Wit SavhTE Rem «7~a A @ Wik a=b WO 7@ 1, =1,
T SR AR UE O A =qgab=2a R [=4a’ =4I, =4I,

wefie, wfY warsE SEel @-@FA Sisfee ek Sret s o

ee oy i Cawky Reifle Wil A O@ A=a-b=0, [=0.

wﬁwivfmaﬁm@ammwmimwmﬁm%ﬁw&mﬁﬁi
wiiE Fifonia 29 RIS |
wHEE o=—{lx—£)

2
o O =0y =k(x —xy) = %{xl ~ ;)
wiefe, Wit Ay =" x sje siffa)

‘ﬂ'ﬂm, xr _xz =%{ﬂ-2 _{1|}= 'Pfr“l"’ﬂ"h{fl
SR SETiE (G Y Al (path difference)
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A A ; :
ap W ek D AL w s o, AT TR ST A s (1+29)
=% @3 g e
faoiTe Wi wIreiE CFeE Y19 Al
X =3y = =X (2n+ )m = (2n+1) :—mﬁ"{m A O (1-30)

WEGY ST ATEHIT T T4

A — &g =0j 11, 2?'-, 3:"\...'.-...-.

T YOO T T Xy — X = 5,555, 5 e

(i) Tl cuieats wiver @ifd i@ (complex method of addition of waves)
et A y(t) = asin(of +o)

wfbel Aife 8 ARSI EH W () =ae

lwiso)

il:mr+l:|,}| L+ he

L=y Yy =ae _
= (mz"'“' +be““]e"’”

L A SR R S SRR B (1-31)

B Ae™ = g’ + he'“ LR (1:32)

Ae™ (@ Tt wfreqrsia wom 9 (complex amplitude)

it [Aem)(ﬁe“}‘. =(Ae)(Ae™)=A2 (1:33)
wwaq (1:32) @ (1:33) (O A% =(ae'™ +be'™s ) (g™ +be' )
=(ae™ +be'®: )(ae™™™ +be ™)
e g oored]

=a’ +b* +2abcos(ot; — o) e (1:34)
at #wad (1-24) @7 Fe) e | o) TR (1-32) 99 Reehilies qifmm) ciee e
. @ e o el am A% @3t tana e R AR
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-2 ¢ b CoARAfde Smem aREE g () = a0 @Ry, (1) = b1
Bajtrm wify 0 T4 99 ToF Y I e ST S AN aEl B Hee e aiy
well frefar =

(iii}) warests gfel-ceFa cuiol S (Phasor Addition of waves) 3t @14 *Rf® (Graphical
Method) ¥

Tidata] RdteEs S3% AASI4

y=atitfmiea) B 20200 Eldeeciieceenaeswenie

=
=

7 e | e 1 s 3 \ = gellot+a)

¥t}

=(a£‘“)e:"“ : ot

QU o (3 A0H CAHR wom FwrE _,.-*'j wf

(complex amplitude of wave)| @ &b= fat

e, TR e e3 s, *
9@ g (%2 91 @A (phasor) | 9 /0 '
18 o1 28| 92 9 (ePae BI-1.8-4
O] 2 |

wA RO 00 F @0 T g = x+ip [z=x+iy T T

=
L]
L am e saeedleseesw

a9l acosB +iasinh=x+iy
', x=acosh = acos(or + o)
y=asin® = asin(of +a)
Al y(t)=asin(wr+a) "
Rcthie yy(t) = asin(of +a,)
=% (1) =bsin(wf +a,)
ww wure B 1.9-97 T BeEiee wa wn
P19 (R)a wfte fem aszo, @ bla, & Tepafe < TR fou-19 (449 @

TV TARAS WS v wiow [UE Aze 7SS TR g sese fAgred
C"\'FTJ‘FE’{? H@ Al A? =a +b? +2abcos(oy —a,) ee(1435)

asinc; + hsina,

52, el TR (1:24) 1 95 ¢ =0, ©9F tano =
: gcosu + beosa,
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@Bl =8 HARE (1-25) |

W’ﬁﬁﬁﬁ‘*ﬁ'ﬁﬁ@%ﬁﬁﬁﬂ%ﬂﬁﬁﬁﬁﬂrﬁmm 8, =wr+o, @I a =T
GBf5 (ST URT TS T G O (T 2T (AT WO A 0, = o + o0, P B WET
36 (8T9 WA WF Y= G (U@ b-93 ¢ AW @IS FAA @bl Ferm A sllent I |
o TR I 2 AR S wihe R wegeend #F A9 A 93 o wa 99
7 R e o1 cognEa pury R cnisl e @i wael wive fRwla shea amg (Ba-1-10)




wepial-3, IFSea et N R4S 7w raeifes af wioe [{em Fefw w50 @ 23
@ Afsf wes oEsTen Fem W 92 S i Tiee asfete T9u |

fosma =& @

e SFHE (SR (3 S aifens Serld T 99 i S sarem Ree gag
wasst Tl AW AR AR T 6 WA s B 2 T T 1 i At
o9 siif oS Al T 1 e By afffee w1 Ry ST SE o ool @B 0S Gise
1 Wi AT Tesin 2w | 97 TR ST s e w19 b B Sl we
T SRR 3] I (T T RS O WA A T~ P i ) af
fen Go (e fsfe aE wfige «fiafde wim REfs =) <= a0 3 = @i afEs
TR (R 9 95 Al PRRE R el @ s Feie S m e )
wErd i Summ wi Affeda derra Faces; wm aemiz el 2eam S99 siom wieide

frfg w11 ) 97 T B2 IPTEY WIHF G (coherent sources) | .

FE AA AT AT TeA e
Wil (BT Gl BeA (AT fife Wit 9 x [@og (AT o wﬁﬁ'ﬁm {{:l

 (x,1) = asin|of — (o +&)]

@uwE ¢ % Gen (e Fisfe zeum @ [@efie =0, x—ﬂ]WﬁWwﬁ?Emcﬂrﬁ
a2 T e R 4 wael 3 qeie [re oem w4n wavE T3

yiy(x,0) = asin[mr ~ (o, + I:J]]

iy (X, 1) = asin[mr —(fexy +Ez]]
@A ¥y, X, 27 SAEn (e Reion @9 O )5, T A wIvERT Wl | Al &mﬂi
7 :
E)=Ex WY 6, 8, = YT , |
S Te T TEHEN PIEY | TP A A H=AF (constant phase relation) | Sz«

ﬁmﬁﬁ—mﬂawﬁmﬁwnwaﬁmmﬁwﬂwwwm.
are T Bed | : '

wrzre Ffeniran «&ifH = o
(i) @ w6 wicErs SRl RE s 26 A5 FE OUE FAIT HAE TS WA |
[ e Sl AE AfentE A e 20 | welie 2,011, cos{o, — &) =0

(s (1:26) FB) TR TA =1+, RO 1 7 7 Al cwdie | o o, s T
] .

34



(if) Tavmms [RE 799 o I 3% A9W T 28 wE a-b# 0, TE SEel @
wEe S Gfesm w5 afis A @l

(iii) TReaEE B TS TR FHTY| @ A WA FAUY AATE 7l AN ofFTsa 9 g9
qfesR Wt sifde A A [T e o W@l w9 yfay FE E S W, wi
e (]

(iv) Ber g7 Uiy 0o @ «x oo Begset 49 @ 2ew s A

[(Be51 e A1 e S} W A 5| Bt AP G 7 AR TeE (bright) S
SlEety wege (dark) ST B @Rl 3r )

1.5.1 T-aa =t 3 EwE 7@t olom ¢

wielT] SR (e @, A-EE T A e weifEe g afes 96 o 9 wEd
% S FPrTe | A B CrelET AT W e S o pTe 3 g
1t | A e FE BT (Laser Sources) | T SILa IPrd B #itew A ©F 24T FAH{YA
Jr 7 9@l 5aA 232 (Thomas Young) ¥@ amw Fifewisimern 2m oiwa (Young
Modulus) =9 Hi==1= S0 |

F.A:"l,';
et ;
g O p :
; ol 1 |
' X e Ao b
H i ' .:-'_.'.: E
: : : 1:“’;1. . 2
¢ ] bR A
! : [ -f
| : 1 ¥ i
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