
EsJlqrsd3r]cfiS4frb:
> yge $td-s rfuqi, T{* qr6, qrTs s1 scqlFtdr +d

tr
> Tofunn+flfu<r<t latr a{A m rEr+qt r

> qild6 B a orgi{6 fddn d H ffni-e qt sqrd
<rrm t r

> rafr €r t, {s* rsR 3rt{ Eg*' qr-qr 3rFrdlivl
tr

> etr * frar< .fn qeaft+ stet d {r* qrfu an
tt

> oqr .3 { sql rfrr+1ii {r sr<r t I

> $qr fl qrnq {qror Bii{ r<$ rEft *r <r+trft-+
qtci d €r cEa t I

> yav er t ry+m * qa fccr< dtr-*r ri t r

Er[o frd Erq (Units and Measurement)
. n{6 irfu a1 qrc + f€q rq1 {fu 6r s'ig qr{66 qrl te.qr

-irdr t !q qrfi a'l 'qrT6' 66i i
. qTT{ t Tsr. } Ai t,

1. 'li qrfi

> *q fl ?, ss+1 scdtrdr Rii t I

> t{q( sqi s+{ gq*tq 6qi ii flr rrd{ t I

> f{Ci + {.d !f,d futr< oit{ T{t 3rJydrr nir-dn
ttr

> 1q-{"s ]si fet{ frgd + Fqq iit{ fu€r< +tr dn t
tr

> nfi + ysrr ctr fusr< qt"-+r i t nq E{+
qirftItrr l

> afwq $fir+1 El {Itl oreunw{' dn frer< otl
dnitr

> gqi 6r q6€, sq+ dri, sg6r rin +{ iq+ t€-cR
*r-etr t t r

Tn crT6 a qT{ t ffi 3{cq il q<Er qrlqr qqi.q-d
Td fucr sl 116 t I

aqS qrnn + W qrrr.Sl qi s(I{dr t qft H qr (fii
t Erq qrr+ orsri t r

3TEIT'I
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dlfudl3.r: aI$|6! 3ra?@ xrdo Kfa d
IIEI NDT6

drfuor 3.3. cS rfu da EI.ri

cd u rflrql ataflM
lllffiD zrf0r {.r alrnr *ib-d tnrr ro' fdrl ( I zr)
EET{

f{Cd w
dlia iiFdr

r<{ o1 qT]]

qte{

t4"irirq

t+',s

ifq{{
+'.rcn

dla

kg

T

cd

;rxnq ro t{qr
)ruqrq-ro'f6fi

'e-$qrq 10 ' f6qt

t +irrc-io '' fufl

ff{q + qEffa qlq +q Erqfdq d AE{q {tfgqq
liEcrr( 61NM c{ o'c c,r{qi i f€n } sts 41{t
'{-a'o'rori' t r

rsa: i g6 6ihq d 'far' dl lfwfirt ori E< ra 'r<t
fs 'T6 EqR tqii T{ eln ii r+I{I tlzsszgzqsz i+''s
i rq qrm t d-< reord B t

i l'for 3.2: qgd {A d{[ EtA Er.
01tIo

sfl FrqY EtA ?lftEii'

st rdi,i I r{q e' Fr*+ c-{rg i r q* q.qrrr q gqt
qqr.r + iirs rfi 3rqiq qt qt t<r ra qro * r {r a{ o
+{ fd:ii + oif,d 6l qrt4 Cn ft-r 664 ? rs ma {t{ ftr 6l
le6aoo 'nq 6i q6 t+'+ 664 t r

alrf6ria
r. ETr { Eql qq-Frn
2. qFrd d-E-dr- 3ffficta
3. q-cat,l-@
a. tu{dqm-}T+.{ 

I

s. 3Er irc-qgid-.!
o. ftrrFeqvn -vniffir.it+a
7. tii 6I EE-t+{.{
s. antk* arftr-$affi<
9. 

"rs-+ffi{,ro. qrF+ + qfrdt ETr Fq d .r,f En ar err<-:irAim
1r. Esr qrtff+qr'ts-*dqtgr
r:. wq cl qral-ivt+1q
r:- ra anq- ffm.il-ttfra
14. S+*IIIE -+ther
rs. c.6r9ld *rdr-t*qt.J
ro. Eoq olrtro-T<, iqti
17. Toqcrfr tiz-+ts Is
rs. qT{ a1 rrfrrd -e++cT
re. qtr rf, t fucr{ dE- {€rfrzr
,0. qft * *r-dr qi $i qrqfr-ciFit'r.,
2r. {6 6r qdr rafmrJcfdnF
z:. qrfr aqoii al rftfrr+ds

arro rord
t. vrfa-Ez
2. i-q.r
3. 6rd-Td
a. fuCnqr{r- JiIq fzf
s. Etffic En-E6nI a{
6. EdErffiq {fr-qr'+6
7. f4qn elRr-qF,rm

t$qt { ro 1

ffia ro'

frrdqta- ro r

trfl{i4 ro'

qE i+.{ 1o'

ffi21 rc'

Wer ro"

qc\fi-zr 1o'"

eEn dd 1fel qrci iq r6ryl e{ 6t cfr'r frcl srdr t r

q{ rsM q{ = 9.45 x ro'' d-a
r-6Rr B{ t qi c-6 E6d qI{S6 t rcRS-6 = :.zo vfiYr s{
3r<€q qr{6 !-gf( (st) { rqqrr 6I qrrd6 f+q t t

tRs + Irq ff{q r.r( d 3fttBq qc +fl qrqidq t rd
di{.-{q qttscq fqt qlg + ifir 6l rqqn 'cr{6 foql'
qnT qrfl t r

tflct.{-r01

iEilrii.{ ro'

ffict.{ 1d

irfr4Fir.r ro'

qf*ffi.{-ro '

terq 10'"

s'qtfr.(-lo "

I
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8. 3ErEd ffi-it]rsE
9. <rq-crFf.l (EEr)

1 o. EEn-+.iIt
11.t-it-qf,
12. YIfu 4t T6r*- qYq {fff
13. qrffftqfn'a+ Tqrq-q1l
14. qdi5r Ef,ra-q&{
]s. iNr qd iA +er€-Efq{
16. qiJ d*f -ffi+.{
qfa (Motion)

eq}t t rw * <w rrr ftqfi .rfredr +t fr o-ai i qrq
+ sIeI trfi q< * erifl foili -rfi qfit c{ Ti fs(rc 3rE€fl
6.O vrfr t fr aqr fq<rq srqftrs ti6 t lrrfr gwo, fi ron
dEtfrt

r. rmuq rqr{rifi-drrfi-F}i tql i-,ridfi q< 61
faolqritr

,. T#q Wt{ 'rFd-ffi srsr + cftd: EqA ftrs 6i nii
qi a-ri t r

3. qta-fi-tftfl t{Rq( f{< + f!'{ JrI{,rfd 6{fr qE Rl
rri t r *i-qd +r ete-o r

qPq{r IIFgr-iq" $itr{ nfrrcl- C hce {iqlr Ei Efl q A
oriqlr t({n f6A t r ii-{tlq, qre, lqqn, or4, vsi },rft r

{f{w rfu-tur .ffffi nRFir- ii cftqlq qq t<yr +ii tfiEn
d qi<yr rrii qrfird t r+i-fu, t{{qr!-r, Td, E,(Dr 3niE r

f{qn qTq, q qj <rE t- aqfr tlrr rfr EtA t fu li i
s{i<yr {Rrcr't r

qff-ki rla <mmao tl q< Er{r Ec ffi Ta qFi +1 oqrg
+iqfroritr
f{{qqi-ffi ffiq i{y[ i,rftni'o cq * ferh ffrede ol
f{eflT{ 66t E rfsFrcr q6 ftYI {fu t, is{ cfiqrlr Cd tfln
<Hi €it t r

<q or kwrrr ualer+, xor+o ss {I4 Ei6 { dt Frdr
t c.{ <0 {*q qrle-s €tA i r

&-rftnfto a6 i, t+wrw ol < :rql( q6 t*.s d Eq
fuem+iaqwfu+6iir
+r-E{qrEr,,sEq (crlq qL,d )
qr€-f6'S q< + nqii rFE{r +1 R ni, E< 61 srd 66i E I

ana=Efr,.Er{ (qrr-6 t ,d. )
E{q-ffi fiiqla q< + fu i- yFd q6r6 qEqrd(ld i 6'ti
erd ffedr +1ve cq m anu +ai t
anvr=iq { qfia-&t,srqr<rm Avidr (+.,c. )

{ar + lrfd fEE{6 frcc-T{6r TtdcEr ena{6 {er i
l6s7 i' src=i, yw6'ff{tftqr'i frq ri rt< t r

qEq ftqq-(lrgE 6r trqq)-<f< 6IE aq i{{rue{cl i t
qr \16 q.dtqr t {qrl +rr i fi i-d t A s{+1 fflcrsrqr cr
rfa crdefl d !ffir * tll, qq gs s< +t qr€ Ts q'Ilqr

erot t t

qrq q-d s, 3rqrq i ffi q< 61 qri fq{ltq{qr qr qqn
,rfd ql eslqr al fira rci d rcfd al qs€ 66a i
ti.rc *<t { frar r+Aur-rrrd * qei qr rqi cr yrfR

Er +& sr 3{rii 61d.{ cm, rq'tB ql # qr ss+r qs qr<.
-ird qri x qiq q- +< d qrrt qsl6 qqr qri 

'r{ {.{r r

Efrq f{qq-t6d q{ q{ artfrr <a, se aq } r<rn ar
sqq qo 61 frrl i qrr:r aw * ryn+e * w<r< tin t r

qqi( dd * 3iqrs i q< 3rqi ,rh 3tTqr fu(rqlqgl 61 E-{rA

{qS t lq{ ccq t{ac fl A \rq- Fc t I F: ma

T&q Hqq-eiA6 ftqr di Es+ sffi y< ffid fsfl q-

yfiffqr 6tfr t r Eqi (6 {6 o1 ifqi aw qd dt rfrtfa <e
664 t r ff{6 qtqr q irdn-q<r t rid # q{ .ft} sit
{.fl d'rdr t, qts {16 ffi qlrq +sr qri firgd zi,ii i
yd 6l rrtrr tdr i, qf{i ars t {(dr t ii rlq,i} qd irfr
i, lna or urn cca g;,i i cli €H s,qq rI* {ai v{ tr
qr{I rlIE I

ord (Work)

ti{d itsa t Fr:i t ftr+l I ord 6ltr of ra qnr t qs E-d

Eni c( qd E1&tn d frrqtcr *a t r er{ o1 qrq o,ni qi ra
nqr qff R1liu q sq * ffiqc{ * ynra i <rr* rrd t r

qr4 = qe x a-a d fEvn t fasrcr
qE qk{ {fu t $ffi qrr6 q$ t
qE all qk fu{ q{ glqn rq6{ q{ enr A (ti prr q{

+ qrfl t A $fir+1 + Ird q- 6)E fld Tfr d.r Bitin q< Er
fuwne gd 6m ari d 1Edo e-q; sqql * 1,
vti<-Efr qri-r qr qi* :[ltsr i1-s + ERr Erd 6{i 61<{
E1'{Icd' qq-sr '{Itff'6[t t

ffa = qrdzsrq
p=w/l

ffa sr,{fl {qlsi 6r qrrfi se t. IIffi qyHi $1 {ffi,
fiirsTz trnqE, qd qE{{rfff i qdF q1 qrd t r

flk qI qrcd * Tq crr6'

r src qrqui = r,I = r rd t*os
r &Fr<



ded6 fuir{ 7lI

1 fu-€IEE = rooo sE = rd sE
= 10' 3Td,C

1 3{EI{Ildl = 746 qE
qlmlr 5iq ft1srqd 3ilrsr {If( o.os HP i 0.1 HP (Horse
po*er) rifr t r {rqrqd' qri-r ol rtf< o1 rqlqllift C qlqt t t

raf (Energy)

ffi eq d or{ o'ri +1 nro +1 rqi 66t t Essl crr6 qs
t r vs* tre r+n t:

r, lfrrq Eqt-ffi ES i Eq*1,rfn + 6Rq 6r{ 6{i 61

Hrfl sit 66i i rqt sts lrlffit 6IA t-rtrs Eqi-
v2 x rqqn (n) x ++ (v)

2. ftqfiri 5.it-ffi qq * @q .rflqr .{T{l ftqfd *
6Rq sqd 6rd 6{i El crq-dr ol rti t r tn-<fr q{
fti,r, T.d d \.iig{qIs, jFr{c{{dqqr
ftuftr< uli-mgh
(m) rqqn, (s) I6.€qt{d qq, 616w{
ft.!ft-q sql + 6c-!-{I{q iicirq Eqi, Tdtq ftqirq
ecl, +qn ftqtd-q Eqt, gq6tq Fi TqrqFffi te?if,q
aci eflli r

.frftfi v.rd d q.t xffiqtd d ffi a ffi 6q i 6qt 6l
qo ar :rflrr* w} i r,vranol to rCa t I

ofrcc ay6{"r s s{i E}i srdr s-cl sqrdel t{Erqd t:
srnnul rqi6TggcqFrr+r
f{{n qc - igo rql t sqr s r6ra 6ql
t+g.di-d - Tsrcitorqitegarqi
ffi - rrqrqifi Fqi t r+M q $ql i
Etcr {drq6+d - r*nr E-uii fuav<l
<Erdi - qif{66qit ACd t-qi
{r.{ +qd 6-qi A ciff,6 $.qt
drcsei-6{ - Eqd rqi t tqfi sqi
qr61ciH - qf{ Fqi t +q? s-si
kdR - qtrr+oqin.afrt-qt
aj-r - oer i qik+ rql
dd{i-d - +rFqitfaff Fqi

Gm (Pressure)

ffi s,,rt & qq,frn S-*oa c{ d'ri srA {d 6l <rq 66i t I

Er+r rrr+ nn,ed rtar t e< fi qtrqid fsfrn sc it t
{6 ffi sd€ 'r( Tr{ f, qFr+ Erq srcfi t r if{6 fr{r {
sccl.r-< € d +n qk si A d Tdrt, 6l-€ d fs{I
g*rorrh eft r

"ri 
6r st qrffi-q.r ir.I t r Ter/tfra,fl crqd $

a5a *. v'w-o qd EF{Tit ffr+ * ffi,rq qr sq crq;{
rPatq <ri4 dr irgrd, I crr5e - 1qa{,Tirar'

qrs'et frqq,
r. Tsdc yqra 61 +lqftqf( d, r<fua :rq{qr d {q *

+fi 
"rq 

ETd Fy n sqn Erdr t qi 1Edq cqrs

41 yqftqtd I ,rrrd * qrc Es. <rd {6dr qrar *, til
qqn ,rrrrd q fli4 {S tdg ct rq 6r irq qqr{ +frr
tr

2. ffi q?ir c- qi q + fsrft qn [{ qrifqr ai rq EaI

s'i fqfl!f,I il qqr frunq i iqirq s, fqqr qrar t
q6-F + froq * 3IqF q, irfd" flqri-i dr- Bri-afu{
i+, ft-s}ffiq f{El Ersifq-ots flE r

(ltlosptreri<

qrg<r< qrfl i cfr *
dn t vsa qaqr ss q

qq + .{td{ l6,d i{<

drqqErfrs Grd Pressure)

6{fr r6i i r

ldoirtti .r nri q{ qrT:rc 6q Aat nrar I
Fdd: q{ra ,tr rgrir anri effr €rfi t, argqr ii ie cli
& qr dr qrd qti flri , Eq<rq ad qift 6I ErTfi crir
q q"G qi s-dr6 d sTii i

6r irfl Si qr sli 6r q{6
+qq 6r q{s t r

a1 'F{ri 
.r{ ii'ir E{dr t

rs EI <rE is + EiiT r€ i f{<
ffi .fl .rerd c'{ rq 6r <rq qril

sir{ qcn arfl ? r .r6{rE c{ <ls {6dl nrdl t r

ErElifrd fdE, ie, Eriqtff,n Af, 3rrft,rT6d
* ftqq c{ ord ori t r

a !-er{ ql fiqdi q{
,rrqio qe qrdr t +s-ql,

i qa{ * nrqa} cl

?rlw<rqqgtitr.r+r

rli € <n q-6ri c{ -fir
rFFlFF 5q ET tr]-fl 6 iq

srs {dri t cffi 6r ra am i zeifuu ivr yra
icrilTdqi qrql+ i amt
t*rl-nidqn qq +
t'qq rra t r

ltr *'r * ynro +i <5 ar

Ti*q t'{arur 6r ffi<r<- ,n q6 ! qftn qE3ii ; tur,r{&
+r {i,r re.i+ ecffi-{n.F-flt A,rs,r* {qqt sq$ A fu6rq
qr # ara qq {ririTd c Fl r rr+z 6r rc? sr{ Eqi fT6r< Tr
3aqrftn t I



?: 3tE[zr 3

qa qrqul-{s ffi fiEs r{ d![ cr{ qd .d fuS s]sJ }
rfi-d, yqri ot vqrq 6m t iit *o +1 qq rqfn 6l {d qE,
etitr

cR {s 3rsl c{ d'ncr lrdr t A ft-E +t gqr,rT rd qr srfl
rq* ffin {o sier i trtri R dfir, qf, 3rqol sr{ fr qftrfi
d.II st{ fiT s 6i Ccri q 3{rsTfl tFfr r q$ioq <aqri + rA nqr

$qR t srfi C EEq iiqri qrdT a< R TrrlT qnr t aqr t E

cq 6r Eflr Eqr Etfl t r

3rFrai{q {€-ffi {flER qFi c{ ,rfi fiA E{ fd qq
q{ + qo *< 61 $R sT{ 6{nr t 6t qF{nffq e-d 6dA t
ge* arr< d +li eq atr*r qri c{ i-d qd wrd t r ir+l
E<r{or-Id 4I q{ } vii ot}r rmr om, gdqil +r
{ftr+ + qrit 3fu E{d, t-.ci qrq qgfu-a rtttn 6r go vm
c'Gtl
eNqHq r€-Tflort qrl vt ,rfr cr<1 g{ <q w i E-o

rEfir+ffic {d + ffii +< t sE{ 61 .+( e'rfl t vn
qqidq co rri t r Eq+ Tffirur +d + gQ i sEfs-d 6l
qdr{r, 6rEr qqd 61 c{tr, Eq t c-trr ffi qrd q{fl-r
qrE rfr icgr< c( 6r{ e.ri t r

1ca-1w <r ar+{v ce t tdsi Id ffi q< sl irci
i;s 61 3it{ ffi t r

gdfdq Ift Ec t ec{ ffi ,ri e<{ td c{ 3rr+{

ffi tIffi aq c{ qtri qrdr ]]EElq qd d TFfir m

,Jtiqtc E{ur-{R 6c t Id +1 .+{ ffi ffi qq + +'r
d etd t+rs Ai srd1 gtd trdq aT q ceerfr t r tretq
etw <q * r<m w fttr rd oro t

qft f'{'r fT=i rqcr{ $1 a qq$ 6t Tff 6c t frsln
{ sqn # i nnrqr srq it i itii w srq yd q{ €i,ft r

fFdr anq ol qTr Trdtsr c{ qEi 6q s grii c{ 3rfir6

di * +nq e< a m 1rr*er v< or <u g'ii y{ 3rl+r+

ttnt
yd n-d i sc{ qr +i qA q{ 

-IEd}q 
q{q qr{ q.

qrdl t r !d + i-< c{ qt Eq Eldr t r qn, +t c{ aq 6r t{r{

r1a aq rqqn T*+( rro t r

yd + Tir rrfa 6r rfl nqrs leet< e<v c( vsm t qf<

1d art d< or i E.d + 3rfrft{d E+{, Iqr{ !i T[Gtq
qrq an qi q qR 6I m q6 qltql

qli Wd qci oe i frd, d n Wr d'r n Tii +
qfin-ft T+6 rcr{ w q<sii * 

'{r{ d 6fr iil qrq,ff {6 6fr
.p'alet T{ ceitr*d,t1r

qE fd Wfr fr rz Un d qq n] frg{d tsr c{ qq 6r
t{R Eq t srfu I

{5-a *-q-IE€ -< T6 fu< t, q6l" q< sI TqF qR 6rd
armtr
rJ5.a +a dql Fd r-+t{ eq o,i'ro sdor *1 srqqfl

t rr qrfr i, qs 16 Eq& $r€ kd t Xq{i qrd iEhn
t€r Eq qB + 3rrrR ; *-d,Fd t 3r<{ t 6tfi l]-d{fr t sft
ct tEr sr6{ €i qfl t n} q< fl qdsr fu'rs qrdr t r ffi
EE + 3rt'R 61 Q-rFd fii-d{ Tsr drn rssr sd6r rtr{ 6
lcTA Et[ rF{6r E<rEror r6rc c{ {6i cr.iB T{ ifl fuq scdr
irrd 3nn {6 qrdr i. SiF{A qdi 61 t€dr frdr '{rt E-{rqr
qnr t
Tf-a irranfu fc-s d a{ + {rrt q}t :{Ti !fl!-i +er n
rmr oryi rri t m reed t r qd i T6t it * * 6q C n,

{-r yd, ,irq. T6sii, rfi. t{€ (Br€"r) qi"r (iqr) t I

3cr6-a orTflrfl-c frrs n rdr * sRl 3ir cR-sqr 6{i t
sqr€ fadrt E r

Sftq sqr6-n qriq fifrd-( di t r qE ffi F1rs 6] lsfr
n-d i gio d, ffi sq{ 3{r6Rr q lqri s+ d'rrrr 8 KMi
**-s 6r *irs +'r t tflr qq n a6 ftw !d S q1ii i]t(
q6 lift-s-d scr if cft-6c'r 6{i f,'r-dr t {€-6r aft-fqq 6rd
eq nIfc tdr t r

66c scr6-A 3clE q6 litrqo ow i td * qrn .*r
.rn-6qr qlt t
qRqricr{-n Id + ffi Iqrr * xrtcr fuR .64 t rar+1

6Hr Id + fsg{d-a rd if rtd t aq rr;El cft-fiq"r 6rf, yd
* srqi 3r$ t cfud: Efi 6rd * q{r{{ ( 2a €) ?ldr t r q{+1

iqd Iql rd t d'r.{'I 35om KM Etfr t {d rqqrr w[6 rn

oai E r rrfl sc,ita :dcir, idqTr qs idF{qi fu,ftii t(
dartr

f< Eri gr{ ffi scr-6 i *i <q v t*-e tm tcer vn
A r{ Id q{ r tr.fl rrYnE + {Tq Eql axsr q G 3d qa
t '{qi f,tlT
rqri { m ttrar-ffuq scrdl t qr&i-{dl 61 3f,q{ql qra
vrfr | euft ovr6 t ra ERr cri {t (,lrql Tqr qfdffqt aq
Irq do t r qnfrm * erq 3idftq qri srF{r +d{ ffiq
r6R * E{q t A sri t sfu (qr 6{ fr.Ei t I

T<qr 6r rqqlf 3rf!r6 Ai * qrq qr*ro +1ftqfa 16
sr4 vrd t r1d * mie r<m +i 1cffii otu ,o t ero: <tt
(q<ql) EFS E< 6r rm rio rl eTtrn c{< rqcrl t{Td Gqr r

al-i Ed{i {rrc fuw El irt {z qrq tt $ t{rlt{dr 6r
rlre €rar t r

qfffit{-er ={rdq fu, fe{ri ffi turs ql$c{ 41 *{
+El qrq 3i"{ {i fqr + f€d",{ fti ai lTr 6r qrq nqr srcs



{tftrnfunrr 73at

!d c{ +46{ ? 3lrq qdrti tl etoro t r rrot an 1w1 w
rr.zffid*'wtt
rermtr = 

"5g 
n

g {[dq d{ur = 9.8 d/C.r, R
(Id 61fflr = 6.4 ' rd d.)

qt}, scrdt i qrtqEsE al scftsfd-ffi ft qr Bqr6
q{ srgq!'sf, ql di qr a tta, qo'c{ ydrfi +,r * qn q{

lift 6rdr t r qR Tdrci a,T 6T qrr {€( 3rfir6 t iil qEt
qtlr srgqrsd t,II dtt q& sor{r fu or t a] <qwso
icrf, Et'[ r

Tqqr al frqr, rqqn G 1t€tq erq, Id c{ 5qh
cri El 3Tisr 6q t :rd: qsqt qt ci1[cr +'r z.+ rru i+3 t r

q<q c{ tdf 61 3*sd +'r Eri !cFr6 Etdr t f{gl A E6{ rfr
qt t rea: qrgqrqd iEqRq? t r gewfa, ffi ali< w vean
*,r q€n sftr-6 t 3[d' {T{ qrtc.s( crcr qrdl t rsrgqrsd +1

rcftqfd cr o,Iqferii {drqrr i'r c{ t{'t{ sta t r

IE irrrc-E-s + 3rqi fEih qld(Fd 6l q{dq 6{i 61 r{n
o1 T€ r.<re rrt t r re* tfr-6 Etsr q q€" t E<r"{q t
+t-*s qs Eql {i 6r ,td d{r, f{6i rkt6 rR qRI i6I

,io err+n { gert r<rgr irmri srrd 5{i c{ qr+ sr YE
n-rr< *e d ur<r t Fr;i d Q crn c{ fu{8 6I i-f, f6<.fii
w 5e mre an dt vnr t dk qst q( qri t r ots *1Td
6i ,rd 6{i c{ yu firs * onq gq+ f(t ,rtd Et qri t r

s5e +1 ce-ft ai vm oG + idq .t i-d grd 6{ IE {rs
d6q6{ttl
{t'd6 {r-ss El F{{ + qE3n + +s sr{ 6{i srd
qr6{or ed si' {dq{ {d rri t r tci T(Iql S 3s'ld * ifl-s

,rr qo afq-o d'n i rd qri srA ad-r s1ffii d Td Faqan t

1e mra or oru 
'r1 

lt1<o t r

qr[s6 (fi frr.r-firc y<rd + aEd & *< od ed ara
qo dt q{iwo qe art t r c< ffi r< * .qgdl $ {-< or{
6{i qr r{iqs qa qs s {dr + *q fl{ sIi srA e i-d6
Td t 6q ttdr t d {6 rs {dl 61 n-dt 41,ttdr 6{ i t tsqh
ffid frqfd i zfl-fl Td *qr r qld s Errs + ffq sn{id6

Td, srfr + srgdi + sts *rd 5{i cre sd{6 ao t .{irf
Eldr t vqfdq ffi {Ec srA qEE w ffi i t

*Qr*r<-irsr<d i ss +' ec{ T6i ql f-i sfii ql cfrct
cl tfimre cei t r:rcr{d 4 ffi scd d'fr rs ql (d rfr{
fi eftr6 sc{ qA,[ ql 'ii tt n r ti rq i rdr ti qrt o]
fffi t M i sc{ T.6i t ts-qd r i {& 61 srd El
rd,i-dr 6G E a M i i-i r,rG t trs 6t sc{ qdd qr

+i Tdan $ yrd firs i onq d €rot t rsq* ttT{ frs-r i
{gntTqr6$rtr

it 6n ai rlir 6I q,tsrc rEr i'E tfiqri 6r sd dir ,IcrE

qor, tui * qo tut Fl qd i gqli q{ TA dfrri 6r rfl-dl

n{r, dr62r +1 {fr C fd ar qan, {ri o1 qd t qa gq

ei+ii or s'r{ u6fuil + qin-{ irG r

y*."r-o** * * uk 1ot t, fdq+ 6Rq {6 orri fqlrr,r
rd l €fi sTd i Sferi F 61 i+iq o'rm t r

rs +1 td'r-r qrl + +s ',rtnft-{ qri }Eirq qd 6Fi 6rr
t n qd + {ts FI, 4F1 imfq-+ .h +} re qq ot q-qrq

6rr t I f<iqdi 6t vrF ai r\ rxos forcer .re4 € rvqr+at iF

6lrsr a qift fffin i-q + {Ie arq d <19 qrdr t ErA ffi
* srq {d d T6{ dq q-+fl t r $fi 6Rq {+r I rs ql fEmm{

Blg ii c{ EEdl,s +6 i fiq, A nr tI
6rtf6 ErI-qE re + {a{ 6t qr [4, Iarrsd sr q 6q Erdr

t nl re 6r rdr6 qr,I UF Ei-{ * rqii f,d }, e-+6 6q Td il
,fdr q* 6q 6t 3ry,r,q 6l{ t r rs + rql firE{d i,r dI 6ittr6
+'fFi€ ql" !q E| +lEFc ,,1616 * ri s{i Jqaiq t{ *rdr

t rln qe I 'i+r eqa rirfr t r

*qri *q-qf< sit 'n{ t+-*i qq ,i ffi q?ft i i rd i 'iril
o *'r + +r*q i{cfer6 Ttn r{.r A {i } r fldr+ rlt, *
6rq rq q T{i {p rilir F f[rr Er 6tq ardt ] .iii tii'ir-l
6r ;,r {6'dr t rarfid fr q6fl qET t E6 fIqF i ,ilEit .it d,I
q yrFr{d 4l Er q{rd{ fl ?r{ * qd ftqfn n rH iTq-d qrl

i fr @ d'rfr i s,i qil 4.ra aq F6A i r <vi d 1i azt

t{rvp t Ed{i qift Sqrk A'r t d Td c{ 3rA i r

crffiaflq*q Bernoulli's Theorem)(

qe sd aq qr ts q6
q6dr t n s{& cFi q
sci eEqi(qs, ff,c qi

fus IqH c{ rq 6l
acr q6i A'r qnm +flt

t qdt en r+ um \tir r<n i.
f{€'r sq} q6i;r srTTd-{ ql Ee

Fqi 6r 
"iFr 

ifid {6dr t r

+q El<r t qti srs !qfT6 irdT t
<rq 6q drdr * r tt{+' qt{r d 6E

r+"-{q M +t firoi t srif 3rTi c{ qt & Eq{ e fr 6r
rer, 5-6it !1 ik $r ,.M,Rsgqk6Iq(4ts
61 {'E fiR qnT. <l qr qrg i qA qr zo{ qt{r srf( r

g<r$ srd t a) ve w ew +i siredq drf qq f{31 re
c6 {d {r{ 6(fl 6 on r <q orr ar<t++ w i 5;z
Ecl f,'riit i rs 6r c-6 flct w eq$ v< ew +1 sirt

?r
vrfr t A ss6r IEd,{ {d ( qR)

qo c.rar t sel'l qf,
w<<qffir<{

+i al *{ 6rd 6.dr t c<rcr qa sc{ !i sift 6r{ 6{{r
? 

' 
rr fi 6l cf,qrfi Tr t{s f<y[ i 6rd 4tqt qq rd f<sn

t ,rlaqli ffi r Era.i =F E6i q{ zra Btp iF +iF aql at sil
6ta qr fr 6i *{ 6rd
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qrE$ftstq 6r f{<ra-qft 6E qq ffi rq i 3irTd'
qI Wfn: g-qri qld t, iir Eit+ c{ qq + tm c- Ecl rdrd d1

B, <q +, \'r< i- w enrd 6rit Tq+ EEr ErE.' rrt (s + qR

* qrror rifi B r gqq- d-r ftqtd fiA t:
. qE q< 6r qR, s€r{r {d t qnr6 t in q< E{ qr},n,

. lG<gor vr<, <e<r+rqe*ewr i dq<rq+ rr<{
sfr -E$ ftqrd i- ffi G.fr

. qE qq 6r m rffir+r <e t +r { t g'o few q<t rrt
aqffiGfir

F{r 5I fiqq-{tfrra lr{en i H w eq +,vi wr &
a{r{t rs f*cr&-d E'.fr t | {il w{r (H) 6r F4q t I

vq rm ceri 'ri re +t c'rr = E€r+r ad 3rqitr qE
6r m 3rFr6 q{e Erd rq d ffi c{ q< 6T 6q fawr rq +
!f,<( Eiqr nql 5q q{.s sTd rs C q< qlrl6' qrrr Eirn
{s1 6R!r TA t q6rq qr { vf*r- vr ri.sr crr ra <ro t
dfu vgi wo w vre rfi + Td + q{d t srlrro tfl t I

df s1 6td El .{isn :qsn frq qrr+z * qnq dt al
qerq qi c{ ffi t qq 61 +te qe vrfl t r frv ar+n a
dgat di * onq qErq Em reri 'ri cr+ 6r ,{rr, q6rc t ,{R

+ srtr6 drdr t fiisi Es cr 3rFr6 r€r{r q-d rdr t qt{
q6[q +ftr ardr t r

3rFEFr+q sr tudln i{i']I .fr oqntdr t 6sr t A fqi
Er(r fr{qrfid Esr 6r rtR Ts+ q-<{ 61Esr + cm Q 3rfs{' iti
c{ Esl sq c{ sc{ 61 3i!q rffis-r {d d'rfl t *{ Xqt ERl

ea('r{ Esr 6l g{Tt sq* er<{ qit E.qT + trR + e{rq{ A qrfl t
lqm tur il qror t r

qvfu<-qt qr ffi qdrrnr i eirsr rq EqT6{, ErEr6 Ta
sr €c qr ffi * qlq 6lq trq ar q* qvftr ororcr i r

qvh am q] ffi flflqr qrdr t vt rq-+l {fft 66i t r

cfir r{ {d d'Iri c{ ni ad qrirr 6m 6ri 6{i l' Esr{
+{ 6-(t t Td eidtq qr qT{ F6A i r

yfctq aq q$-a am wri .d {tft + 3rlqR 4t qitr6
drlr 664I I

qiFr+ mq = f+q rrq ori,q,r{ r{ vi<
qri-r Ern fd qn qTa 6rd n?n Eq+ {q1dr i ,ia.Ti Td

& erJctd dt qyi{ 61 <:rdr s6A t r

*{r-frE{ rF Es drfi t n q$ fu< + ?rt 3iR qq F6A
r rdc ?< 6 rr'i fp s!?i I ri rFq 6ri i r xr-E q (
s-6i <ars erdi ? Tq yrffi lrcl 6da i r 16 ntr ,-6t{ * EIA t r

sqq M-asi 3rHEq qn s {rift } +s d dr t r +i-
Ers, H. Wr 61 rH. 1is$, qrcid6d 6r tfi srrG r

R{tq M vsq.m3rl(Tqqt<{Ifn*+sddr t r+i-
cdm, ,]fiqt. rd q{ Rrdr EaqrqT irfq r

ffrq *0fr-vqq $ffi qR q 3neq +ctqdr-dr t rti-fqrra r

fuq e1q{ ii sq t sq r€ t6{ 3fq;F 
"qr 

qm dfr* t
vri qqa t+-q qr qt qt ffig 3r€r d-d{ 6r r<r" {,r Ein td
eqq id 6r frs{ d s-dt Tnq Et{{ d'[ I

qrfi Ffl-ffiS ftr ET fiFfq i tdTfr qlq c{ {6r +n 3rTd

f, 66drdr t | ffi ql{ 6l Bt4lqR Tdri EA oiqr qn" nR
c{ 6{fl qr<l 3ll{n dldl i t fsfl sBi,,I Bt'i 3IE q{ qCI{

ar<i d ftq qror i
ffi-fir.n, dfl qr Trd d aA,iE iss +A t iit \.6
qtr * ({F qqfi t qtq t si dA !1 Ai sla 6{ +{ qq
3nqrn i sdni qtd t r

ilarr rrfd den Efr
(Wave Speed and Sound)

aiq rft-uci fl qdF 1cTr * $ wn ro enra<ur drii
* am rrar ? r qo i rai srd T{rn, ratr dcii + ris{q +
ieq cltaq +1 affivqr rsd t qefd n-{TT qd 1Hi {'i
* {srol * tdq qqq +1 .rrtsycfdr rd Tsd i Hn i ri
{qftn dt q+fi ? r rcr 6l qqo, <} 'n'ii i d?r ql r+or t r

qifu+, :rqtr*o r

q&-a aiT-ffi ql}4q I sa i{qitq 6i qif{6 flr 66i E
qrqq i qif{6 ntii ; -$r nA n?lt iirfi {d ?Fl T.6i c(
Tq:r nii r A i yfiE s16ldt t
3rg[{q ii{-s-q {q{!r {iE 6q, qFaq t nir ; Td 61
fiw * eq-< +qr od t iil ro rlrw Etfi t rn aO tife
t Ri qG * Bc0 Ed( q{ T{,r tin t r qe S t{i-d{ Ri rfii d
rd sqq €tfr t
3{!td T{II-q-q qr:qq C tq{q{irq 6q, nltl * Iiq{Er
+1 i<vr * qqr<r<r qqr ori t d ro sqid rtfl ? r n
(A {qi qrqi (+q, rs, rrq) C g+a q1 qr srfr t r ,t
ait e{-<l lcompression) i fu(irr (Rarefbction) + Fq d
rtufct rtfi t r p;w rri, fstl i Tiq=i ((i i'rt< 3Eld n
t r qo rtfier * d-q +1 {0 qrr<r qs f{.{r t qet f{rd-{
+ etq d Et srJtrd .q +1 rfrsd rrdtfr t r

q{frr Em H qi sIa 6rd

qd-< rm dsrfi I d'rfi
tuq qri-r +1 <{dr 1oo cftrrd E}fr sF qrEti r$r €t'ir

.fflfr T{ iS c!i-r fiIi rc.rs rfi Et q+1 Biff{ gE s4"r
fqqqrr Qrn I



qrm-qqq qir ii{ 6q src-fi Trqqlqgl + +it 3rt{ fff{
srltr6 ffin tdr t ss * +l qrqrq rti i r

qre+{rf,-crqq ot 6qr ri-e +w q+ oca 1o +ri d
fra{ qqq etm t sQ srr*{6rd 6{t t r

rltF{6 forri ?s

aittd-q+qq o oq
6cdr t Ea niGd 664

TFr.:, y{I 6{A qEl ffi {t rq

<rrrqro nri,t {t 6{i al<r 6I ni r qd 664 t I

a

qqti trT E{c
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flt',
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crr6ir
fq-r 3.1: Eq( gq4tq nit

fqdqEq+qFft -n gqfrq qd' tuqa ttdl- + <r{r t 3-tri
t'Ii qrd 3qc{c nA t r {qv:snr, s6q fst6{Dl, qfi ffi,
tfld t'r qlf< qq* r<rfi'r t r ro r+qo 1q6q 6i1 u6 6
qra t 

"-dfr 
t ncr fisl qIf, ysRI 6t rrd }, q{Id{ dtr dI€

itrql yta fti;s rtor t r E{or (t.I+d cn-q{ S q$ frEn E}fl
ir
rrm ffi-t cq'l*flilrfitFrfrfr E rF{+1dqftd ro

'"iro'.qt<t*sEi t rfri rct +1.rflnr6 qrrr dfud
Ai + 6nq elt *1# qr<d si t< tfr t r

qR k{d-a{$1 siq sds-r i al 4 ar{I d,Iftd to ' t,o r* dra t trr+t sc'irq rr@ ff6el d IFqt, .+{qq,
srq$, tdtTqfi'r lErE i +dr t r

q{Iffi nit d.n farl s14rs,md@d ro 't ro' fi
€t trnq{$rsm
t'ia1 t r

Frsdr, frsin qr6 3{t t Yq,r

qg< fai+rur-dn =P +i 6 r{,rfi di.t+ri cilq{ a x 10'
t a{'i ,rrr+ir. 3lq{r++r qft6{r,

ffir, Ssq, gfe lii<r
dl.d q{, dit, Erdr, idqd

erd!fi ffi .jrc
cftq{ 78 ro ' i 'ro ' f. tl-<r t r i r<Id al sq nrc Y( 'rd

Xlr !A ErA t I Era fsl6{!I *
, srr* +q erfE i r

F{drd i 41 "n ETq firt"i

6,i c, i-rd;ft t a'-n rfii xirr+ in e anv t Er dr<'r E

Uq 6 qrr c"i arft t I rr6t lcriF fqr{a S{. ai6{ C frl

4hlqq.E
xffii x-tui

(1r)
trT 3iq'rff f l

3qqo5 -*"T "lqsqtr

0l10 100

frftRic qttf r

c{rffit{,oii
+ qf.r tE E t E F F

rsr<ffi
+ {frc

qT.61 6{i trFrdi drffi 3ri( i frcr Brdr t r
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Ettfgm d{t-8r61 rdrq iqtum erq i sit 6 !T6r nfiAd
cftq( to't r rtE{ s€rdTtrrrqro' ro'f.ntr+{6i
att qcc 66drfr i r g{fl Tcrifi 2d$tr s tdhql vsrt!n..

l*ntr
AdfEdt TA-+q q]sl-n i d qlE{fl cft-{( s-6 q1-a i
ro.l{-rr 6€rdltr
qe{ rt-n sr{+{ qitud dft t q icnrr qqrict- d itfr
t rf$ft1 lqr{fd 20 E{9 Q 2oom 6F + d-q €r ti-{dl irffi
etu * or.ii rRr d st qfr wi t r qfr <it <tm orr? ffi
eto €ee-art+r, argtX fr gt atf< *ot'if ro r6q51on
hq{ o} Sfaa o< tfr i *t taF gfi ?i errfi t r tafi drif ait

aqfr a lfte< * w6n ft qrif d sia iriT t r

rqrIit i qf{6 ir++i liqfr cfrs{ 20 i +6{ 2oooo tfq
ro *o t rq r.i qcerfr t r

graryq rfli-i qt-6 a.n irr6. arfi :o aql e rr #'r
? r i c-Je si Crr$ Td td i r i qrx * rw yal t +qr
G rqi f<q al q-s6r t rsa rtd i I

qtr{q ait-a 3rJild qiird ntil fursi qrqli 2oooo r.'c
t :rFr+ €rd t r qle $ orr g'r+1 rd qr {sA r Ear, ffi,
qcar.s, srtsr orfi a{+i qr q6i t I E{l s]iqf*rd qr,r I
rqi qiqi *A ri * 6r,'r Bl r{fi' y,jrr (tq, qi !-,1 6rr.
rfr ffi 3rf< * 3{tffi-ft # +1 61frrfli}il dt ne 6ri.
qtqr"l3ii 61 r€ 6{i. riiidr E ,rl6=qT fft + lErq il t6qt qrdr

t 6qr{ 3l{A c{ .l-r qil6a]i, eqd o1 Tod, q-$ a'n fqqr=ii

+ 3rr{f.6 F6 ld 6i {sri til 61 qrfi t cqrq nirt EEr

(sona, s5i +1 ,raa$, .:r<r d qd-qd T{q+. Eq{rdi,
qofurii +r qa e,rA il i*qr arar t r

qfr *qr€-t i{+ {q{q + f{q qlqq a1 }'rqr{{dr {sfr
t r frsid i tq{q ;rd 6.d r qfi +1g=ro qFqq q{ fift 6.fr
t Fr.i-Rr=i nqfi i qd frri fir,r ntfr i I qp;cq I qfr 61
qrf, qltqq +1 ssRrrdt (qltrra c{ ti.i{ -(ii t rqrqq fddi
le1{l1 rlm qq q1 srf, Tri d 31Fr6 drit ss$ Hid
i1ir6 qr-e qd rT'aii C tatr 61 q-d 6q Ari r Aq s tq
i+i +1 sricr q,Fcs rglel dt t 3rd' Eaq tti ql srtcr raii
s1?rd qlq-s ?lift t rEd ii lEfr sl qrd- r,rso fi.d., rtt t
sroo t.,t. (crc) nqr I|qhf{qq { e,roo q].,C. rtfi tfu +r

c qrq 46ri qr r4tr 61?ro.{{ +g !.r[s rd {qdr t r

llq sq 41 q'qe 3rE sl1 fl qre .3rF{€ fr * 6r{or
tafr ql qro aq qrfr t ES q1{ur qd E{ i- td isi sr qt if,q
srq{r E( 6 lrri tdr t r

qftlT q aiT r{q-qrac or flq q6i q{ eqii 61 qrd q6
qrA t r cpc nrq c{ qr{ q 

"atr +1qn r::fr.d. ffi t r r"C

c {6ri 91 qtr Bl nrf, .or qi.d. <d srii t I Er-q qHi sl
lafi E1 qr€ c{ #E vrns rfr q.sdr t 3n< sq 6l q{a rjq
srg i iiFr{ ;li + sRq lEii 6i 'eTe s{E qr{ t a-d qrifr 

r

firq tr,r i{i q EaFl *1 qrd lirj{-firjr EIri r F61 id q
qtr 61 ?rd 3rFr6 s tnt fi i 6q 6tfl
qFri * orur -ta.l s ;in E@ ,iliq ?-ir{fl. nEa qi
lukll I

+rdr-A-rdr + 6R',r d ot6 qfi Sfi q i-e t.{i tfr t r

+ql fl:qr{iq fsfir sfq6 dr,Tr. qh 41d-fidr sd-n ii 3rFr6

d'fi nqr T6 'afr dfi d d-d gad t ft r wtr ol d-m sro
i qIfr qrd t r tatr fi{dr ol rrr ?ql-{d l:

aft-6r 3.4. frFra qfl Hdifl{dr
kafi td dfrdr (3{n{d)

1. {F{l!I Crd+d

z. ic arr+d

i. as d..{srcfud

a. i-q

s. ur#gr

7. drss66{

dt qk 6i so ffr{E 61 fi-E-dr qqr ffi t r so Aql-{f,
d d-rdr {ql{d 61 3ifrq fiqr t r ro € lffir rcfi fi-*ar I
r6i cr qfffi {6{I d qrdl t rdDrr{ftf, qq sI Brr€r( fq { asl
s+a ratr ol rl-*cr eai t1 qiir6 tFfr r

irra-nTra * 6Rq d 6Ii rafr irE ql rcd {c( tfi t
(r{q 3ifEfi Eli q{ .rh Td-dl E 6q 6li c{ ff 6d qrd t I

Sflii +1 grqsr fs,if sI .q f.r+ aql SF ii * qfr El erqtn
t*al61 3ria{ 6q .l.fl t rq6{ ql irrJifirre nq iE 61(drs
i rer or arw s 3rEF fi rn i .3rtr6 ? r

rJurdr-rJErdr, qfi sI 46 dsrq ? :i, qm **m s qqH

aqtur,ii +1 wft4i t +<r sm t r qS + Er{l,r qf( Brqi

ciifsiii al t{{ & s{+1 3irqrq t d T6qn qrdr i r

qe{Errl{I{,i{ 
"afi f EfiRr al d{6 c{Efrtd drfr t qf{ 61

ntrled 3{Fr6 Eti + 6r!r gror c1r*lri ei y:ii t 6 rtar t r

tqd', T6rs., T6, '{IE, +sE eft t q{Tafdn d qrift t r
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qffi-ffi clqf6 d t qrcs at 6{ wr{ ti ard qrr
q1 vEtqfi +oi t r qf< *t crr*in d & Eqtc tut €h d
efi +afr rd s.{r$ ?rfr efd lafr {+ + l'€q Ardq 16.6 f
(drrlrr 17 d ) +1 qfr c<fi *t a .nr+t+ ro * ei-q enr
qfiq r ot{ taf{ Eqft 6ril L r t}oe 16 {6fi t t 3rt, rfi
qh T+ + 1q( ?,rs!-qq t i6 qtr ++'= qrd Fcrr 6rii
rr+ c&g r a<qr q{ rfrrafi rdt glri tfr t

oqrun-ffi oo i qfi rjrd + q< 6{i + ER f qFl

Er siB t{ 16 grd t{ '3rlFrr' sr irlTE 6.6eTdr t | fudi
eqq nr rE qfr Elri tfr t si rgwn oro rri t r ffi
Erd 6r .qroTr slf, qf( .B t&Es n 3rfus t a {d<t ERr i(cl
.rqr snqq slri Tdi t'[ r sr{pn srt {[q qri aa d ts6i
Eri{ (Dead Hall) 664 t r olJ{lrr rt+i tE a.d d ffi grcn
qs r1: Td i dfi { qTfr t r erlr'n lg a}i w er+ro <6.r
tffiScr{tfrr
qfraiT srqqdn rfl{ El ffi lafr dtt $ q:zq * qFwdr

t irFaid-d d qrdi ? r qfi (.i.ii sr qq{di qB 61 fir- fir.r
qdf or nc ilFr dti * Eirq 6idr t l,rd {g q g1fr d qld
ar-d qlg ql ;qt&rT rafqs rtfr t :ra: taft rrn ts d erg t
a-S e,I1 C qIa!-6 sTS i 'rd aq i vaq 6{fr i ,ir qci q,l
t ffioo al srfi t r f<i & sqc rd + 6R I Id + sfic q1

slg s{{ qi sriar 3fT6,Td 6rfr t r ffi ffi drr t ssa
taft B ffi TA {-{d ifr 5qh f4ctn rfi + qqq Efr R (s
giri tfi t +iiis YsA + q'rs crq * qqrq sri q{d 6r c
erFr+ tl-n i r

ga ia-r--q il it- tn r, +}J qra +- +,lt qqrq +r1

sTddr t Tft ?r{r 66drdl t rffi sEsii cr dti qI{ qd
6rd 6{nT t n Erh +d.ii +1 re s-c t qq {d 6't 3rar<{
qorrtlr
erg{r{-f6dr {F .ircr 6{i qrdl q< c{ +ii aEq 3rad
af, d'ni ,r{ qE vdtkd +dii + ir<.ld <]rflr 6.fr t AF{r
aft aqe 3]i+d ea a1 arqfi e< 6i q.rfi ErqTi{6 3rrsfn +
qTa{ Et A <{[ ii Eidii 6r nr+n +qa srF++ +a vrol t fe1
3rsrrlr 6i irjnr 664 t I Eq.6r -{E{or tn 6r yq cr{ 6{i
gqq qrd cr€ l 6{i trl seru, .n++ & er t frs+1 or gr*,
qq si rTgqsr6-a 3ri( I

qfi 6r afuf{q sl qcF 3rEF q qqrq i1 i qfr dit
q6 rrq l6{t fu< c{ ctqdi t iit sq t{< c{ tatr sei 6r
grf+.i{"r El Erdr t r at d qFr a qftr+,ror rrt t r qft *ii
d't q6 61 6dr (Phase) l ni+fi t A fiom1 .r+r fii rt i
*dtr&q{a{dit qi{ frd €I'fl ri ffi qfffi"r 664 t
qii iFif rdi ffio oer i ffi t iil qtu6{lr tu-rT{ft €in s
cstr +1fr{fl nrdq Afr r

Efr6rffi{-tqtr * qFf d ena 3Fi1q & 6,1!r irf6r
gs-*r *a t std { rafi 6r f#i {E.drdr t I

qmaft+ s lqrfr f iIrffio 1i-c a1-rq trf
+q i-, TS +s t qlr

"]fi 
6f wssF_6 qrll

qm i ,aFr{ 6l qrd ? ii fq-s a1

3rii,-5 fr .T{. fqr.s 3rctr

zrfl =tn t rfi ft-s

trftwqlqilrafi61qrmi
iali <rx +1 q+ {mr*n w+o

sq r6R si Ef,qo 6l
oror t, ls+r :non qem qrot t
nr.r 66,i t r sreTFr+ ssi {i+o

di+slr"rid{t
w*fttr

srfi liTfr t -6G ,{ Ti rE Ei

5qI (Heat)

$ql-nTq qE sil sa t i eg & ariw er.rdw +1 ,rw

oi yqz rr:it t r ser +ii ;t ir= fr+ alit qr rer t
aq.3ii A *q rqnrnft-d t nq rr+) qqn mg c{ orfr t r

A qq3t * qtq nTcTT{ + 6Ru
!.fi aE i Esfi a€ t
sr{ i q{dT qr srdl t
(,Is q( ft-& 6( fiqr r

qq or{ dt gqr C

7 3qI 6fl 4t 1a6 Frl 7 1Fq

rg{€iqid+gf,iait3n'rs+

,ri +r,j e Tq:t 3;qT 6r

sw qo mr +1 ssl t

3. l qlE CFIT i6r (N 1

:rqr * qrr*:
1. qi6 qlq qd 4T (N

qT?I + :FElii 66i

t,qr 61aT{ ii ffifl fldr i ii ffi

+cftn 6EA i
sia{6rrz a6rt + fqq 3rqr{6

ttreltuewttr

1.c qdri + frq 3rErq6 EqT qt

2. ]]:6r[q qd & nr,r r+.s i rs.s:'c n+ qeli ti ygm
EqT 6I TJT'I :6I &oto rra t r q+ i+qr qo
*oq of rq.s t rs T6 qeli + fmq r{fi 3lrsrrm

alq qrqr- cqrrr fu rrfiq +'t qrn F{d t
arqqfri q q:,rdm
atc qrc-r i T{d } t
q'rs$c <lq c{ .rdi Eq
+1 :q-Ee{ wt 'rEi s+

arq*ffi,
r. tfuqg tcgr-

,nq fti= ]l +l,rriE qE;

sqF + Iq + 6Trrr ircr qrfl t I

+1 di t rrcer srqTFm ag
al rrfi,Il f,qr EE{r s{di Eq so

mq q] frqis a?r radi Rr dd 6J

e1tuqffi-+ifu-+samr
3{l fuqi6 crc
a{sr '{.i 

q siz
locrc Etdr t Ei-q + qT{ 4i roo
.rqir
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2. Sit{6r4. tcEr-3nfqqR qCr ff{'-6 ,rit{6Tsz i
f++ q1 r;qii 6q16 32.p 1rn €fii6 212.[ El t ffq
fi ,fl dt tso a{rq{ ,{rir d qiz f<q .rqr i r

a. rqcrtcr*-fv'i Brio o.a aqr q"rrio soot Etdr t
*q * lrn al eo q{rE{ qTt q' siz ft-a .rq t r

+. *teq tqr<r -!qq fdci+ 27lo K n,r €eqE j7r0
K itdr t r+q + 1n.r +l roo qrii C qia ]lcr t IAtu{
ffi ,r{ trci6 t +i 27io K Tr'r ai (oo K) q(q qq

c 664 t r rq* +i qt{ nTc -trs rdf t I

qflff- qcEr {1 rTs fi q ryqrci T+ I 
' 
c" {c ..a,

c{ q.il i di sra yxrr + fuer< c{ sr4 6lrr t I orcirca cs
'rRr sr vd-rr t@ Fc t '(i qs + Fc ii f{-ar qrdr i r irFit6a
ET rqlq tt dEcrfoii i fu-qT okn t i'-qo'c rti flq & qrc-r

fu rg+o rti { r on nw fu ol vfl * ncqt* rTn E}i t,
1 . Tq 

"rcqrfr-Eqq 
qft 6r Tr{il'r +dr ? 3fu 3s7,r ir6 +

flc d qrn El-fl t Elfu qit fl €rni6 3s7,c 6ldr t I

2. tg (Mcrfr-soo"c (6 nc crqi fu aqgtfr a'l
isocec iffi & nr,l qrr t(nn?rqr +t y,il.rEr t r

3. dfa{crfr ftnErqcr*-in qrcqrqr al {ffi i E$67
ci].I sie ? Eq* ERr zoo i l?oo'c (6 + iflq .i-l 1 l
s6A t r a6 nrc + q.6i c{ s[{ + nr{ + f{qd sFd{q i'
Eli ?Td qfuI + fuern qr qr4 rrnr t r

4. Enrcqrfr-Esi nEqq +i eq * <+& i rd rca
renl crfud R t A qE ii sqfiio isi6-i,r sql * qrc

arqqornlcait Tlr+'Rq roo'c t +q sr flq rd
qr'fi 4iiffi qsd +n nTq T{ q< * 5+q f{F6{q 6l
ssfi rd ttm t L

q+q yqE-qlqrqd, flc {6Ti c{ Y<Iq + 3rg3it + iilq 61

5fr eai t svh er+o i gk Ei sTil t c{t cr+ o'c i a'c
+ qtq, fuq{ q,r/itsTac 8o'c t r4opc + 4tq fqfu+r 8o'c +
d-i 6r flc {6ri sr {gifTn Eli t r aq nfiR sqr rqrr 6{i t
r<rd + 3nqdj q fr qrd csTr oi s{q qqF 664 t r

Aif dr qsr-fofr aq .it .rd oG t it ss6r qrfi li{rieir
il cqp g}4 I r ffir TIr E3 r rrd +.1 c, +i dJ cER +i
irjtq cqR 6dA t r 3Il{dTfiR qq d itr sra er]r{ +i ++q ,qR
ffit B r qrrqn eq d Eli srd vqR ai iiT{di !qI{ {{d ? |

_EEirq IEF 6 Tat{q.i {r qzftz ; ;rE ,r,n + 'j.9 ?r,t.

ffi t ,rH q( Eld {.dri qlrc rd F{T, Tfr t d-mfi lrd
or 1< tln, qis * tr€r€ d ,rd qq qr .rrfi sroi w gat
ffiffiYcrervtr

,n+a{ 6iE i sffiq qqR 6q 6li * fl{"I t{d qi air
q fTem rd fgi E r

s.S 6r yslr-dtriii 61 ffi *il +i tfr rd sri q{ Eri- nqR
Etfl t ,T{< :crsl] 3,'frft-{d Eti + 6r{q qrq qldl 3r{trr cln{
rtfl t r rs ai tqs a-dr I rC 6G t Tq+ (ad?) ysR Eli +
6Rsr s[{sr q rq 6r (6 3iE iR srdr t I

. ffi q<ri + rqqrr q erqfi * srlctd a1!-{is 6Ei t r

rql +l .rd rri w ffi +1 3rqs rqt cn{f{ I 3tFr6
cqr Eidr t r

qr+ 6r smqrq cgR-orFr+icr rAi +i rr{ 6G T{ q1{rr
qeat t, e q:r€ rr.ar t q.{ crfi 61 o'c t +'c * fr'r d 6{i
c{ clcfi q.dT t q q{d 4dfl t r a"C t srii .rd 6{i q{ .{rA

r rt nr++, qea a q=q rrzf 
=ra 

* , Crfl a griDTErqrJl

csTr +- qT{dr ?fg ctsii t f,r'iil fl lrit sq qri + er{{<
q.11-q fq ;frf+r 1'.6t t r e4; qqi qI clr1 + qr?rirr t csR
dti * qn,r rE & crqc Fa sii t qari qr vfi i otn te rn
lE. qra t
qqr 6r ri{qvr-qftr6 mq t f;q mq +1 sil{ sqr t
rqrtr<rq +l $qI or +iflq rei t r sqt 6r ris{q fir
fsF],ii ql{r, {{ar sq fEtr{!T Efrr4l n El-ir t I

qf,r-'ra{ + slit fl .:{Tfl rq'n qif{dr fuq ffil Eqr
6r effiriRur q6 renn t {g1 em +1 am er{r fulv i
r+rq t ffi q.' ser qr riqr"r :{i r+n dIo t r eg *
q+ ltt dt,rC aG c{ 6qq si-d a"r $qlq 5qi 6i ?6{l
6{ c'rt adrt rro t r sqr qrofdr } artm qr r<si nir
y+n * En i,
qrtr6 i {i sq qa{dr t rtn 6lfr t Fql En6 srqtq
qo. qr+q vit sqr * qTq+ t r

Ei?rf6-fq-flr €f6{ Eqr {ld t r rqr ai qr afl 6q 41

$sr.{+ {adri t rid eqd, +iq, fufuqr, ii, r< s{ii

$qrqitii-fi {Q 6rfl sqr fl qrffi tu€tl a tl sqr{ilst
66.f,r4 t +s tds-q, q"ir€{ 3rE r

ri+rr-tqq rfuqr i sqr 6r nrc{ r<lql + 6nil & qnrdflT
+ ar d-dr i qqfl wdrift t qersi * 6"t * errr<{q t
sfirq ffi.r €ffr t i{a {iTrr q'Rli Fdi t I iq ltFr i 5qr
qt rqrrdor tdl q=j aAi ii 6tdr t r 6qr {€r + ar{"I d
tcr * rrrr r5<rda +il C'+gfl sql-{'nqr rE + q{q
'rrrdtq qqta'TmA t rqt d iEd c{ t?t{<n sr drrcLql{l
rri enorn ol ffi+ii +t ;et tlrl "ff r+a tuFr i sqt
rrrnr<rq41g<rcrqtr

fri6{ur-qr6{, €qar + ffin futfiq Erq sq {q{Dr t(
Eisl qprc al 3nsf{6dr rd rsfi r qs ftlq Erq trqln t "fi
!;qr 6r tiTrr ' trqdtserSrllqlqtr!€qAa,
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va-f,t-r&+ aq <rn (lc c{ iifu{"I Em Fci 6r sctil 6{i
t rq 6qt qil fqi6{q 6qi ql edq fqtd{"I E6A t r qd f{qd

Eq+tq dlif + Fc d r-6r{ +1 ara t E-rd t regsii +t an
q6r'i t Frfdi qrd fqtfiq ol rrr erfr vrfi t r rcdr eq
+ Ta d rrfd, S-{.Fd, q.qG c{ f{'ft 6rfi trqqs-<I{ q

vta rs t .;qtq frfurq a Efldr ESd qtq ?ET 6ra q qr*
niii t B+q Ef6rlr 6r s€-dr 3fir6 +dr i r n irrs 3rG
qnE t s$ T6I{ + sqiq fsfd{lr fl tdfrql E€d{ 6.dI t,
sd EfurfiI (Black Body) {64 t I

3Inrisur-ltrs ERr sqtq fqf6{'r + q-srifi( 6}i 41 ircr
61 3rq{itqq aqr w ysR } frrs 6l rf,sriTfi 664 ? r fc'rs
ge w i,ni eri eq,i fii+rv 61 3ra{tlid rd 6{dr t q(:
frf*{q ssritfud 6{i 61 sTtrdr + 3nrfl y{ fui 4i ql s'ff I
Eia .Tcr t r

a ft'r.g i srirrffl $ds fifu{q ol c(Iqfd( 6('ct t lr*
mrf+ av $ 3lavtr* dA t qh< s fffii sir6 * fq.c r

a ftrc + B{G sqr qrcfud fuif{ol 6r afT+i( i{q
r*irfua or E-a E qii, q-e{iirr+ iqr dt wqii6 6rd1i t I

ii 6Td s q.(4 v6 + ft-s r

ti{.6 *{r c- {gn d -qr{vr t *i-,r{ { qir< s
zi'dt i T,i-r sTg {{m ('{c t {qi t{ sk( EEii 6I e'qtr.

snr q-ryi ai sii.il sl fr.rd ( 6rd s qr(t T{r{I.
qfcrr f6a {dt * qq rfr flr{, rt@ vt ,t{ ot rtea
3rra *r t

farqiFErfflq-ni ft.c m nrc {{ erFrfisq 6r s€dr
+G t qfr oq mc !1 sqr 6I :ran $tqq rfr s.€t t rq rd
srcrilE6 .:16 TtrS-6 tfr da i Eq* ffii S .{q{iis6, 8
3cJ6 Eli t I

nr-{6, rfi- irr6r t{cc-ffi q< + a"g di 61E{ q<
nq? Tqh qrit 3ih + qr"aq * nrqrd{ ; qrrrSvrA ffi
t r c< ii ard ffi rffi t sq+ aEU dri 6i (r 6c ffi
qfrt
q4€ wTla-qqsit 61 qI n-dE icr qr n{ {qr * kq \'fi
ffiq r6F q1+dd6r nri"r fuql qrdr t fri cd's wt6 66i
? | gs6r 3{i{qR tsqR (Dcwa4 i i+lt qr t qd'g I qrr,
iqrr. 1ii6{q srqr 3flk {"ff rfiR i Bqr 6r .3rm qm q<
a qrdr t
d-{ ir{€ sqq-6iq cI .rE.yfi 1dIE6 d q<t n iiffd
y+18. f{q,t'r-6Rr qa sq caar ii, 6{ qrtr t c.{ $qI
ar6{ Td f{se qffi *{ rslB 6I nrccn cr6{ i (ccn t
arfrmqa rrol t r td r+]q 6l frr ErJg 664 t v+tE +
er<r sqr t t*-<or * lqrs i nrs{k 61 q.{ Elfrr ars{
yqrs 664 t

I

6r+r Eri xi*rE-<. fqqr. <ir'i dt 6rfi, dtrdrq,
rriaq niFrts rrfr 6EFn +q I!;n + ?n ,i? 3rr@rF.d

ir6{ 5q-mn qfl T{r?fi I fi +ii ir *16, + ffin-r fqr
c{ rn t ,fl:r + +16r q fa ffiarr q ?qr rqr a't EqE
iirfrer C i i ir6 *il t ffi drgqr{i i hrnt {td
ffiqr -dt r9q d qlvqF 'ti FTq !s{rE 6*r nr,rt sqi'
qicn d Etur t{ii 6r ]il.r<rr !6T IYI-co, s5%, cFC 2470,

cH,-ls%, Nro 6% nefl trrs srq 61 9c'r4 t t tgl rrgqn t
fn qft lqr * c<tqi F.s'cqi1i6A qiir EAce4r
nrsi t c6a i r*q +rlqe w'fi et< g,o fr-fu n$ or
3rfsd i,l qqrR dt q[i.Il r

frtrE5qr-Es Tdri e q6 Trq 'irid 6r (qqH +{? iq6r
alr I'q fi;rfl ffirs qan_ 1iq r{d ql A d sq sit {(rd

"ir 
fiFTe Erqr raa t qqn &fr * frhrq v<q] qi laqt

qrg tdrfir sRftrfi flc t n] qd fitrqd fl,r 16 TC 6{i
*tsqfeFr-qr iii
al fift,Te 5qr firn fir,r

dlft-a1 3.5: ftfZra rpul o1l ftfarE ]}{r
qdEI Ef!IE 3'qr {(Irl fiEIE r,qr

Ir"+Lf,

E+

trftrqq

1-0

060

0.50

0..12

0.25

0.21

0.21

0.20

0. t7

0.11

0.091

0.090

c.010

4rq

air6r

+tr(

q$ rdi qq aql 61

E qqiEfqf'F 'r<ql61

,rri El fulYre Eqr xfffi 6rA
t'6ii + flc i qqH fr d Yra

A crn 6t {-qq qfE6 61 iiTqr$dr A,r1 3ir 'lk {cll
nrc (6 drsr Eqr iR + 3rFr6 Eqr E1 Ilfr d'fr rad,
fus a.sr d 6it 6l ,rd tn cr{ii i rd crn 6i .rttd s1

$ crn tlo qrfr t r qf< lTn +1

6r qf, Ifr.r d sl.q qr 6{ !g
iriir t 6i{ tr+E qir +rd
filve gqr oq <rfr rit
aa e5< rtu drii a
=qr o +nq 6 drm t

El qirrn ;lll lit qnr ar HIIE

'FEql-qs rcr"i sr 3I{y q 
"ir+n Frdr ? ri JF6r rq tr[r

aadr ? I 3f{qr ciGdl E sqq rq{ Tr cr qqq 6 r;Ii{ird (qqn
,ir d'ri rnqy{+ 5qr t ET dI,lK Eql 6ri i I

r f6trr Eii 6r o.c € fcqd6{ o"( 6 T€liltastTr 6r{
+ iF( so ffiiEoirt Tq qi, nrqerf ff' ? {n n c+ dt
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Iq cw +"1 6 , * *o r l'+qr qq +r loo,c { too,( 6i
qN t qffi{n ti + fuq sqo fuiilir?itt sqr 61 3nqyffidr
j-i + . rtt 6F!ir n drr ca 4i ot + cri q" 'l{rJ d-s i ?a
A t a .1iirs aua dii Fif6 w nrq qfr cri i cffidn dA
{!rq 136 qi sErr sr.irifqn 6{-dr t ES rfirT i oo'c } qa 61
3rqer roo,c +, qrc i q(i q{ qfir6 {sr drfr t +iii6 lnq q-

E6 El 3rqefl 3rlrlf IR $qr ffi ?
rnrr aEr rr6+6-+q ef,{gl t {<I{ + rq 3s{sr i cirTdi
dt -rdr 66a t I s€ nrq fuq q( Efl{ As id4{qr i ra BrErqr

i cnsHn d-dr t *s 6r ,rcrts Ffdrfl t I qnElld: flqd+ q{
.rqd et rq[{ 6tdr i r s qqi cr {ftri E}-dT t crc s+, 6dzii,
eira, M sq* 3{raE t ri qo{ d ffiiq sftuo dri t
Er E{ <rq {dFi t -{6r rrrt6 6q €l sTnr t ft-q6, +q. s1
q& n lsd s] ffii c{ Es i( dt t qr rr src trdri t Tfir
Trfo qq qror t r qqrdit *1 fireri t ,r+iro cq tt qm t
crc c{ i{Esfr q+ i T{6 qr riE ffi{ t q6 fl ,r{+d cpc
i-22r rfi in qrfl i {i fe:m $t f5a iexv rri {rgt+r
3,r-A,rE'-slqd 34g$61q qqli t foo ardl t e+ + i grif air
err{ I (ql6{ (drq Ecr+ q{ rrrtr+ oq di } orq it=if qrs
I fsr{ qrt t r

qrfr6{sl-rq q{en t 4q i cfisir El yf qr6l'qrEi-$1!r'

rti t r qt qirqr rq td qat t *<r t r qr66{"r t rs * 3rg

ffi Eqi {rqr{ i eifu6 E}fr t rs 61Etrt EtF€{ qa qi
t ffi rs 6I c FE Erfl t I srqt+ttr qr{q!-<d i Bcfrqd
s[[q 61 cra. Sq sdd + etiw nql rq * f,lq q{ firft 6(fl t I

qrTq-6( d {ssrq B1 qrfl + ERq A rffd 6€ 'rFidi d sd
aq q<qTn i ftt{ci t r g{6 } crn Er a-q €ra, cd-{ qci
i vfr< +i a-c+ q6qs A-{, {q{ qr titd Er Fffi c{ {si qr
arsrd,r{, 3nft slqr *6Rqint nqrfur dti tfdq qrqv++

cqr g<rd + qd t qr lrfr{ i cr< s{i t r

i8rirt irill iFint5-srqFr sq i erq{ rs ql s-d6 t Fi
tr fr t w1 rn eer{ c{ rq d i srq d efirsffd Ai
<ra t r {d fvft ;r< rq 6t atq f{q{ dfl qqri Tu t
qr*qrq +1fffi cnre{ d qrq'arr'qeern t d}r qt
fu{ nlq fqq c{ €lrr dfl t aqrio qeerar t r <rs qdi q{
{rqrqflr Frfr y<rd 6l €crit+ qa qnr t r

.:rdftg+ arfar-aq fw { qrg + qlq Ed Et qdsrq +i
rqr*dr {6i i r ffi f{k{d nlq c{ s]1 qmsrq 61 q6 frk{d
qr,I d r6q 6r Trfi t qrg al ys 3r{eT rir Tila (Saturared)

.rtwr rri t r rE <rg * nN ai a6r f<qr qq d arg al {{E
ori * faq Sr rrr+e ol qTseqd6-dr n'Ffr I 3rf,: ffi f<t Er{

"N 
c{ sq + f6rt xr.r r d icfoIn Tffiq +l qrll nqr r{il

nN c{, sS 3rr{fi 61qrg 6l {OF 6d +fuq qTsw6 qfsrq

+1 ql7r + irJcF d 3rEicr6 qlroi fti E r s{rERrd' 3nf,dt *r
Er$ifqt{ rrrrs 47 t qrct t r egrrS< *,ii * aq t aw ol
qrrr 3fer{ di + 6Ror Sd 6trgt 3?i,rr 3iE6 ffisn * *iik
icqrq + 6Rq rrq afr i qri Ts{d nq s qrA r q4 sre
q-rt t r3rTtisr6 3fidt i6r'r trfi i f+ii d qr+qEsd l Bqfud
qe-qrq.rf cr6{'Td Etfr t eil{ i-f,srq 6r q{€ qafl i rq{€
qEi * onq qa erq 661Ef6{ $c{ -dA t tsrgqrga +s$
t{Fr i <rs s drrfiq dti * ontr rr<re $r& t < wi * qii
i sc t ffi t f{e Er(d 6dA t r re qrgqEsdq irc alR tr
tR irfl t A i Eta 6ta *i qS {ei f lnlstdi *n{,rd !1
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tu{s t 2.sfr./ ft-{z + a]-s <rg +1 rlfi in afaq r d< ffi
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c(< n-66rYr rci c{ M ti drfr t +f 5,S, +d,
f6dlq 3iIE r

3. cr.qpt6 qq(-ffii i+rr rorst ffi m l'{fd ErA
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nri * rt c.rsftid f6rq ffiH € r {NrdI f6{or c ,:hrdE + iira
; +q d xrrd" dM qd flirr{B rrd q{rdfh i6rq + si"s iE
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ffi lt qqq { cAet 6rd] e ci ffi .+ T{6 r gf6{ dr)

l0c x 10'

2.25 X t0'

: aa .1 -a'

2.04 X 10:



82 
'rElr{r 

3

irta qrd t rrflyr * 3{F{dr Er 6Rq ftr:a-fq=r qralii C {,]
6t iir:a firi €tfl t I
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ncr ffi i,t 6I v{i siir6 * i 6Rr dra i,r ai ntut'ri
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qrd, Ttlltd iqr +{dr aa6 qrfr t T{t s{qfi Td T{6fi t I
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"fr 
fiEri t{r 3ni(
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di c{ Eqd qd * 3rq{d-{i6 6l Iqr s{ A i qrshq rE{d
6r YdI qd crdl t I
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oJq fl rte scF d q€ 3nq-f,r +Iq alko qiq aaora t r qq
qlqftd +q qit drtfld ri.,r t S{ a9 6r fun qrdr t n} f6{'r
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E1 eE sI cfituq {dt t r
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dfflfl t r ennd cfrfrE ol cG c{ {dfucr qr{6' t d
fr srRF6 rfrkq 6l cq t{{ 1 crErsfifltr

{{d-d <qur i E-{ q< 4r rtdkq <{q i qtA Trn f,f
qt x ar-dr t ffi qit w eq qqor & srqi rd €tfr t r <,jq
c sr chfuq n ql3d T!frqq rrfl i xqi( aiq 6 qrqi qn

qfu qii sI[{ qrqi oq E6tt[ t A yffqE i Ts6r <rci uTiT

Eddr @rfl r <{q i q< Ei qd niitqq lEr + fuq 6q t
6q <qq d Eqrg q< +1 qxfr dn 

"rf6s 
r q{q * qlqi cE

6i{ qfF ffi qf, t crs qr R qifl t fi sQ 3{.Fr rfrfuq
g1rl qro i rTq qr R qnr t al ci eqr{ Tiifrq gIi ?rd i
qr{ cr R l-did Ehr r

zE ffi +tq c{ g+ gq t eqtrd <{"ii } +s sti q<
{q t A sq q< * 6i efdhq ffi ysi t rlfafqqii ol qsr
<tii <fii * *q si sitq w fi.tr +cfr t r

qffiEii qi'TiEqr = 
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"ftif 

; Ets 5I aiq

cf< A {q-rf, s{rr qsi Eqt i qqnr<l re H qq tit
rt* stq {!s !i{I fl qtlr qi'[ 3rt <ffi t at< rd <q
+ rry< yrrt{q +n I Tfli.igsfr I KJterdoscope, + ,r<{
A q{d-o <.ior 600 q{ E+ dA t ffi eq + 6i qiif{q
ffitr
.Hq <dur-'ffic <q'r ffi dr6n +d + .ffic y's AA
t r {6 A v6R t 6ia t-Ef,d qi 3{dd-d E{ur r 3rt Eq n-d

sre fugri rtrdfl sr<t ql ,3Ek 61qrd 3 s{d <qq, n?n <qo
fusfir rd qsl ddr t dka srdt Ef6 q{ i& t sr{i-d <{'r
rri t r rrr <{q q- ronr 6r c{rs-dr 3fi €q qr{t sfr€ t {q
:r+ro q{q c- c{Edr <A Es .mafl-+ rrr t oar t r

,ird,r q{q (era q sr+re) + c{r{{-d rd + qr.4 ft€ 6l
<{'q or tq rra t r

<q"r fuq 'H sr qFr ddr t rq$ +< 6l <dq q,r rrdr
*-<watr

s{q + gs 61 ffid'r }-r sl firdri sTd tqr 6l <qq $r
learrrair

<{w } ge ae * wnmr .ni atit fui <q,r i c{Fdr
& wq tua fig w firrfr t q frc-d l-fr< trfr t eq fiig 6t
Xq ritrq (Principal Focus) 664 t r tlq st6q ntn qq +
+s d <n 6l ci6€ Et 6€i t, *t+a q0 
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a t@ stfrfl

& et+ 'itq i TeA t r

s{"ii +1 q6qn-<ffi *i d ftnrAi t caslnA t,
1. qvt 6{t-qfq qrr+d-s rf, !F<q €Trd t nl dq

qm-q, qR qrr+fr rq ets i s.m A rf,d dR qft
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irdtq iffi + sq+q
r. sErd<{ur-q{ i qrd d fui<{q i cTsfdd it6{

vt+s qt w nrcd t rr.EI scql'r 6( Td t erK sqr
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ffllii 6t iq-fir irfirf dqdr
t rac v}+e Et S frd al
a1 srrdr 6q Ei-d A r ds qii

sr+1 srrfl sd-i d qFm ?rA
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t rt tidi el rzr+r rei c{ r,r+1 qFdrq gq qfr t rrq l1qrr

st6q {0 + E{€ s 3r+f,d isl +l qrst fuom qrfl t i i
qqca eh o1 qii q+tr< 6ti t ar61 srq-dl lf,{ qq si6q
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t r qt {*c d ffindr (vIBGyoR) 6.64 t drair +1

rdd sct arftr+ q Brq-{&i6 s{i 6q nqt fu S qsiilm
drmt r ffi il S r+Br +lnft4'd sqi 6q s E r lfr sciFrs
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qi '(-erq' i qrd ? r fad v{ri i ii +t v{ryr * iti qI
qqq+qio qeo sror t ti q+;qq ii Es-+1Erd {q +ift sra ? r

E< srtE-i< {ls ani s1 Tr(q v{Eda, W sriffis c{rq-dr
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rs+1 nt rtc{ cr fi il 6adr t r tqq iq * vsra $1 (dt, sq
atfr t sc+r y+fir 3rlE6 a,{ qlq-6 (i'rtd sla 6r v+ti
sq Et t r{4 + T6M t ffi ir 6r ntued s{S rq Eri
* onor r+1oh qqlt+* aq drd {.r 61 drt., ssifqq dti
i, +nq v+tl sqt cq rt<r t r ffi rq ot r+ l ssfFrfi
di + 6R',r d :Br6ryr +€r fsgr$ +6I t r 3ift dr€,i,r * T+trr
oq €ti t +nq 6 qqi a 3'rA {Eq q4 EId @ tdr t
+iit+ rq t ii or y+fiq d qral t r r+tr i onq d qgs

6r qrfi lfr i-f,r fu tm t r q-<ftq t :f,<ftu qTfflii dr
srmpr 6m ffi tdl t Riif6 T6r argq.sd r di * 6r<.t

v+nr qr v+tr rd rtm t r qqqr a lfr .{T6ryr 6rdr E1ffi
tmtr
qq3i 6r i,T-yfir{ i6{,i qd qE3t c{ Tsd E ii a qq i
q{rcffn El.fl Aqr qrd q1 afdr C cfu 6rfr t 3rt s< ffi
A E rA t r 4q( r+ryr 6r yo rrn nr<td< o,ri' t rvt ye
qrq errytfw orfr t q+wr or qrrqf+-d qT'r fr s<gil 6r Ir
fflifta qra ? r ft fare 6i ctdqt 6t t 1 Eit rcr qgfsci drd
!-sM a] Rrsftd 6{i + 6Rvr E0 loi ord ffi t r *q rffr
rfi 3{-qrtfud 6{ a-fr t r qE tdrq si A 16r{ i ?qI qq il
qi{qi Et qd {giscr Erdl ffi Aiit t T( sq ir } rsiryr 6l
crEFtd rqr in irt + yslY 61 3rqrtfud 6{ ffi * |

i,if 6r fr,rq-fr Rrd \"i ri ri,if ait sv5< ra e- tum*i
qq i,ii El crq f6cr q E6dr ? r r€ qqfo6 in 664 t ffir
idf+sr i Ed 6l varr f6cr q t r ftf,I, ++4, ci-6i{-q
6i frft{6 r.,I 6EA i iqr i lii ol c{s{ firf,fi t rr*E 16r{
c<Tr rim t rt fo rr tcomplcmentary colotrr) 664 t I

efc-ltft ol qrqgl 3i.r(rfi irqi 6i rr6r{ 6rdr t r <tri
,n r f6q.d ar{6 6iiR 3rcF<yfi ffi t a-+1 .nfr t r Edr.d
+ cti 3tflr gsn qr.r ErFiqr 6(drfl t r (t <R d sf+'qr d
fffird qrfr ? r) 6tf+ql + qti t*< (Aqueous Humour) a[q.o

Jl]

fur :.a: ga t1t
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q\F{6lEir{ saa

qrc<cfr rs q{ Etfl t 6rt+cr + fr} ftq( r<i 3nrft{ 3rfiB q
yiyr 6G srA ysra si frjfod qro t d oq raq i $a *j
srf+r6 trsM i- fugq qrdl t r ES fdq q]6t i 6c r6rfl srd
6d I yafl 6{i q{ 3i6 ir { Eq $q f€ri tdr t r gd?ft

+ +& fuin dq Em Eq Er E€r, da nqr srRks yfrfuq
\Elr qr qfir t r dq d fic-d iftrqt'+( q( eerq <rd 6{ yB
61 Trdr 6i TJInl Tdrff.rfr t frci ct+s {t "fr 

6c qr<I

drfr r{fr t r itwreo lcromid) E5lsl sI ,srqyilsq 6I t-dl
t .*r r+nr qr c{Tdr rd A yrdl t rffi q< i q-d{ qrdr

rqnr ful +rtiqr aq +< t Uq{i + !v{r( tq c{ r.sfi t
ds i qrst{6 rt6{ Ei-qN rq t trd d ttr{ c{ {sfr t tf.{
q{ q< 6r r€r si qrRfu6 vhfuq q{dt t r vfikq qri +t
{alt E{q ntrsrsii 6Rr qfinq ra vf*tt t .ft aq <yfd +l
trcrd ii .l..rd t r

lfu{H

fr-6-z Efu Ac-E4d qF qir 

" 
EI qqq ; qE ffi Hr

t ffi q6 t{i.'{a <rr q .xtlrs {rl qr qqq qe +fr kwi
E{d sq 6r ytdfaq 3iq l+ii.{I 'r{ gi? q,rt qr qTal t I Eq}
f.-qrvr t irry{ aq 6l fldra i{-ql trl-ir e €irfu s{a-{ +q
fq,-r"i qit $qror )fa+ cr t+kd Er tfl * r

1r'':----

R

4t lrl z

E{E,RII

5-d

It
j

1

L

fT, 3. r, Er(tu slq

q6wr ar ffi{-r+i{ * +ffii c{ gsi 61'r ir r5l

rflqr Er iflJi 66t i r

iilrq rfi di r ss1 6Rq
+ $Rq sr+ttl s1 Brqr + ffi
d nrt d efdftq dc. id<rii

iqr 3.9, sig 6i xiq{r

:lio*qim grrr se M +tdq 3rflTst fu q< t
Tdi qrA ffil it-{ !1 d &f<n d F61oil+ qTi fA +f<n
di qr eS ffi afi t'fr r eq 6l tft-!ft fis * n+q Eri
e +t<;e fl ol ed+ d rd fr <q t {di qd fui ti.{
* frd cir4-q rii dffi 3rt{ <q M rd tfi r aq :il aii
Rii .dis * qq ad t lqfir+tq iM, d'q 61 Ei6s Et +t
6q 6{*, ts {qqltud 6{ td i tu e< fl ffifcq tfra cr
11 q.rn G r w ron do d nftFii EI{I ti 61 cir6-{ <t +
F-crtqr + xq at 'i{ q1 s{Tr crEdr' s-6d i r

t, A qlqi 61 46 f{6..dq gt qd'c{ {€1 E< +, d qE
ffi ?frtt{d s€ ftu d qrcq <t oeorfit srq? efrq

t fuq qr zs itfr rtfr t r ri .fs or f.rce f*< +-rt t r f,r+e

i{<61dceB t{< "frd tqTce qfe&ldq{6 !{-{d?tfrt r

qlq d girs 6r f{cR :s lEqi i *or err< r+ *ot t r

i sc i r f:rqr8 +6{
ar fir{{l srdtq * qr6l{
y+rrr ei r@,'{ 61 alfz t d ffi{ qe ?1rdr t qf< 3rEnrr

or grrdR ysrfl ai i.lt*, *1 gir{ d qEn {s t nl ffir

rrd+Fcif<€r8ftt v{rfl
frri{ 6w t qR orqiiq fl irT6R

qtrrrq 4i ffi E ii6'1 rDe$rucnve lnlerfcrencc) 6c-i
I r El scr €di rt tr+d r6ret ri i at{fr'q ai {a{ etl
rti I r ra ,t'r ras,rr h; @ a ta a.r rr<a + tadFiiar
i'frr fu +{ qFir6,"r 6r 

laE{"r 
e I

(



qfd-fiq i IIa ntrdr qra 1Ern 615ci rq rri +A st6
ti-d+ 5qt ae frfi t Tf,n 6 Eqi qF,-rdq ffirdl qra {al|jl
q{r+zElqA?r

r-5M aiil6r qquLrflsr a{n q6 16{ al t{qa Tq+tq
ari t fflq fdqi q sE-+tq irr <.o 6d * a,+1di t a rd
* rc,q Eir t en * dq1?ai e aq: op; ; 'I{|9r + r{a
* teq fuqf, 6tsr d' ts sc q En qrd dri t t6 T{ryr ddi
3qc{q nit t i{d, n f{qn 6qr r{rr {d{q ql f<sn n eq(
dti t r qe i 6qr rd l lirrd 6{ kw i qrE€ Fq t fqifid
ilitnltm6i,r+ 3rqEn nirr 3rt{ cft f{qd 6qr driqli
F<{rd { qqn sc t ffi< i ir6{ q6 E1 ft$ t d ii c{M
ran +i gEn cri 664 t r

rrfi tg+q ncr EGsrrf. + ii{"r t qi fud 61 6tq 61

a d + qtq rrq-fi qierq.s 6r frqfur 6{ qfud rsr ffiqr
crdr trFr+r sc.i,'l cwfr-d r-snr 61 q+rdq i {qi a?n

fai4$q frqlqr si trei + tuc 
"fr 

g++t Trftr fim I r

*c{ Ht i Tfrd dq 61T6Frdr t qF"fT6qftEE }Is i6qr
qr t r +q{ qE 6r r6Rrt$ q*r irdr t | 3rTqftn t6{or si
rrs{niin 6{i * fdq 3r<{ qi {-qR ol"i or { sTA t r 3r.rA
qFI dq nqr @ 3r<{ 61 +sR 6rd sr A qtnl t r orra qFr

i tiq nq frsd q['l { fu€( dlqEs nqr ftr ift {f,d ,rd qA
t-e.dgs dfi Eifr t r d( * *6f AEr Rt ql+lErqsrq 6ti
t <tqmrq +a<+i orrqr{6 $fi o}aqrs-srt{ T6A t riitt}
ltB d'n r,cr. q6r i ydM ( rno t 'rlso d*rs (s) ffifl cr
Erdr qlal t r f$s I{ 9-{m q.fl t gt T{iTn 6ld (tjxposrrc

rrmel ct6A t 116 rdrs ai iiFi,r c{ trltr 6.dr t r Fq 6l qd d
-i-6{, gd tu€q 4i +trqq qas&z (rr{dt) * Ffrq qE d
Eli f<ql qdr t I afr yr: B s !sr6{ fiifua crR 6{ 6{ ft t
ffi srRfud yfifiq 6rrrq c{ nR fi di ? r frif.q c- q+<
qFr 6la s 6r€ lnrr sSE ffi ii t r

S?t{6}ur qE 3+iq 'fi tdfir 6}q qrra *, Ei <d" 6},r s6A
t s< 6r qrsR aS c( t+t{ 6ldl t | <?h dtq sgr r}i c{ sE
qi tq sla ttl q rjrn ffi ifi r qr<vfi a qqq <rfi a:m <lir
*]q s-6r6{ qE 6r .EE'IS :r+n qeqr qr s6dr t
R a 1ar<efi - q< tqr ?i, * ffi {flc-.r i $q qSiii El
fu R-64 i rEqli Era Sr+q (t sr rf,f, dq d,r Etdr t r qq
ait <q rd -'i -q q qrFi rE+i tir6q <n i ac {' q,

rci ? r< eq a anr$ q1q q {sr Etrkq M  nr t I

rs-6r tsqdr *srg:ril E1 @, fiinrftiz a1 +r s dtZ M
si ydi C tdqr sTir t r 3rfr qs{ 6!i 6i @ * fdq rl&eil
qF<!fi or -3wi'r ttdr t rfdqi ysrfl fui + rirlr y{ qir€jr
grii or vd,t to treo wqRq qF!fi 61 3tar qB3ir sr
i{r6R sooo IT qcr f{qrfr t I

fur r.r z, rraqqeqvfi
{igR qqq-<?fi-{re q{.qq1fi t qfil{ 3,-rsrf6 qrlrfl nrfu fu
qgfi qs{flfl Tr s'riq fr,cr or i rvsi <t rr-q dc di dA
t qs sl q'figya6 tobjeclive) s {fr 6l ifo6r (Eye piece)

664 i ritd{I nqr .rnqyq6 i fffin d 6q etfi {t * itdi
6i f,cq}'r Erdr t qffi<sfi 61 eTqrh eTT srn d srFr6 ifr
t r gro vwin qrr c+ef ii Fi qi3ii ?dt @ dqr qr q
q-o.n 41fi d t{cr qrdr t r

q6

*6

Tir

fur r.B: qga qaa-evfi

u

Fi



tilitr6 fuiF 87

<rqpf-qffir 3cdl'r qr fu ft".di 
"-<qr, 

nRi G irq 16l

snf< +1 ingi I i6q Erdr t r Eqi iI Tre tie q{ qilqrcs q{

f'q fsn if*or w en di t I siFrE{{d6 d'{ q6 im{rfiF rti'
* q+ ffi q< aq ifu{I d'q r-d + qd ffil c{ e,n Erdl

t I et ttdt * ficiq i 6ffi qi.l qturq 6.+ q{T{d E ({fi
qtrqr cr rfl t tnqti in+trd q{q qr yrim crrq{-{ rc } 6c
a'rta B r gro qcgrii I vr+onr+n <{q EI 

"fi 
q+l A 16I t I

frgd (Electricity)

6tq d E9 6l tnq i ?l q+{ae El Es d ffi 41 €lE i
rq-si c{ E{q 6nq * d} g6dl +1 anfia +G ot ryt w vnt
t I Tslql I qt 1!!I f{qdq{dl (El€ctric Field) *'$llq qrdl t I q€

anq flffii +g c-{d f{q c Er qldl f{qn 6'rdrdl t I e(d t
sd"r t d qr&sr 61 crir ff{d fr t Ei fet{ t{ga EdA t r {d
:qrafl ii ffi slm6 T<rq i rarkt d<r t si fury ur<r ori t r

onlgl-Irdgqq ffir iisfrl i rrrrs+ s Zqr66 o{rall

rrq f.a i qf, rqriqt i qis 6l \Yrq t usi c{ Eq c{ {fui
Etdr t qnrAfl nqr ir qriq qct<Fz c{ ffi 61 qld t r'rsi
q( ttsd ddr t zona{ {€I ,nr r eqd i witt <d-qtil }
ernr<rq t 3mr t 3Td if.F sn r Td AA t I qs ffi T€
qr qa-qin +1 qfr dA t d sr qnrafl i+{ qq q+rytii Fl
3rF$dr Erfr t "i Eq q( all :nin erm t r

arirF, qErd6, s 3rd 'srfis-ti q{d ffi f{qa 3nn{

rqrfra rn I qr{6 66{Ii i +q-xt{ivr qq!, ,lE. 3IP q

dqlii 6r Efrq ftd{r, qrs vft qrE r ti 'rot frti qriv

r<tftnrd Etdrt q-qt 6rrdritit r<t, e-+6, orroga
anq< ro arft rgor<{rnra:q-d{ctd qra{ii } 3rsl 6Eti
t E{6r 

"r,r 
q6d qI g,E lq{raci ftd qt F{i 3n+{ 9-dlffd

Eri €'rdr t q-dsrro orod t ii 6tdr, qqftc(, f€ft-sfr
c]ft r q(d c-<rd i 5an @a at t Tqrd qtslEqif i a{+1

Eqftqfd irfr t 3ih ?rdnrmdl i flc qdl6{ cr 3i{kqifudl6r

Tft qeefi rit ctB f6'a qI Tr trr<d al qdrdl cl
rqcrdr {d xm qnefi c{ f{tft sr& t r

ffif ie=reocr qqd qd{ Tq* 46fr YBc{
d ?lm t fu q< on c{ fe-{d fu qr :r<t iB qri g<l$d

rrt t r Es1 v6R q6s } 1+ti wt vt f rEIaeI 6I trr€
rqlfiro €tdr t t

aEc qrco-w+r viq r+n s1$ffi t( fuqI qrdr t lEsfil
fin 36rfl S{ qr<iii t gr< or}n +i rtu or gal d "trot
ro=ii d qfcrn 6{ tdl i t

fra-a elrrr- Trfu 4 rqre .ir fqql .IIn Ffi i, drq qrrdi

t teqa 
'rFr 

6l rqr" oFBin- * Tqnrd{ul * aEq Tqt6 <ii

t q iii i 3[q.il 61 'rfr 6 qr{q drdr t I i{rld qr.q 6i Rfl
firart } nfd o1 sfu nqlxqrfu *.rfd 61 ffin fe{r fr qrn

iFi * fq4'nr qir TT6 rriE{{ I | .rq tra Ef,qq qF-

(16 6l le]]l i {6rir n Tq Ee qr,l rDirr r t unenrt }tr qfc

qm o1 frrn o.rnn +r*fr t dl EA q€r{fi ?rm (Alternative

(urrent tr*i i r

kqqrar- ffi aF q qr,r rElfFi 6a c, {fi qaqr afi
qqlulii n a6{rt ttt t t 5st ar+1 ,ft i
I "1t3ai3 5e er<tt + fqcd 3jrn ft
=i +r{ antr t vn arer"rr ozi t r Es+r

ori q< lrc+ *

4l TrrA rqi t{
qrr+ q)€ t r

frgl ts-idqd id d lo"***Uoo***O
t{qa rni i' .rilqfiid ' ' E qnr{{t

qir qie q nqri$ +1 ;At i qFrfq6

Ri trfi-{6 td
9lqfTfr t-a

qd 3E{d t"d
Fqi st TsTqfr6 sqi t fu{

{qrqtr6 Fqf ui fdqd 6ql t qi-stdd E(dr t I Es r6R
l.in-or<, p, q<r { i{qr qrdr i

]]IcfTs sc t qlii set sr c6 sR sclq 6{ ai
* qrsE i +fir{ d ErA rqtd ffi{6 trif d {En rslqt{6

.[Efird (charcc.) 6{ i(ql q t Irci {qrs Ai c{ Ei
ffiq*a-qEqt'tr
n +f< i eeqft-+ ar<

6{ t rit +€tq.
ff.t{6 if, {{a

fl t{gn st{5 {d r.s
3irf( t €rdl t

tqfuiAr€rif6,T crqis
T6dT i fnqli c6 qd 61 (Ms)

nqr q6 di (q+c) al
fuefria-6is+

gSrrdtr
E g'qf{qc Fit{ris (isr({) 6r

{{R fudcr .fir a6dl i r Edl q6r (+q}s) Ecr (6.dr t I

6rfi 6l ss (qrrc) erFrrssr{E q 6rdi B fuaq *
{6i fs-ql crdr t q6i [d [6 6t
t it-f{qd rir, t#r qE r

fi'r (d rrfi t rEsfl
fug< um al arsw+ar

vdq to eq i-f, q- Ed
q 6rfi 6r lirq q{ Erdl

* *h i ffiq erq3ir*lEc +sE{

or ord ar* t qt{ qd
r ffi;iq rd clfr ol rc cirs
adr *qts 61 6rd 6.dr t rw t-d
tftr t r vql,r zr.j, 'risfr, zqfGr&

t{qd rrrr + cqrs- iiir sqrs-Eqlq, Tsrqfr+ cq

Essr cqh id$ Et.{, *, qa, q.c-cE-z 3rR d iEi d
tucartr L



EE 3TEITq 3

fua i,tar t wrer smr tfu c{ fqeqE rE+1q El nR
sq clditq srdr cgm 6idr t r

i{qn is C tfr rrr*lq 6r nR .{!r{ si qz q{ fdra {adr
tr

f{gn ra i z,rq, trl 6- Tfit Ti18 fE i'z rR ^flr
ctdr t Bftfs zT€" Er rT6{b ef.m 1:sm"c; ltcr i ree C
.qttR1"+{q 6 fu firefftn or j?q vra t flfl {]n frctFfi
+d * rcrc qfrc +t +i-.fi,i-r 'fr rr Ecr qfl t r

qfidriz 6is el fti' Etd t frq* iffi sr€ c{ Rrs{
6I dc qa Etfl t at{ .f,<{ 3{(.rq ts ( 3[,ir cft + qlq) .rt
*d t r <f.il ffii c{ ai{qq enwr.s +1 vro rrd rtr o'it
etd t r etr:ii i 'nn rari5a 6{i c{ qd-€fr -€fd( dA i t
<tc il \.t +q qi .qEn-fn ?i t tn'6 qs{ cm srfr-fd iirdr t
c{r*'rn fuf -€fdd dki't dr 'EIgw c{ Ts 6{ frq 3rsfn
6I r*lyr Esr 6tfi t I {{q C srq(F{ + 6Rq s+< drrqr
r{I* ssa io t r

T{rqfi{i qr{E-fuqfr sm + 1rsrcl+6 gqrq + 6Rtr ffi
e-s'a +' qdq t{dm i f{qa wr qslEd 6C q{ ss+r srq.qzr

d qrdr t rf{q{r + vq,'t or A 16r{ * snrn.. ii E{ qm tuqa
qqczl 6'reTnT t r orc'T.{ } c{sn 1rrrl{ #s al .+{ nqT

xqrfi q+s+1 3t{ yqrfad di efli I i gs6l qqh fcqn tiTr,
wg $tll aen fu< gar d ttn t r

nin c{ qiel 61c{d lqF{ fi^ (AgNo.) fl qds fusm
A-{.{ nia *1 +r 6r trqtss qi{ +1+c 6r q+s{drA ? qtrq
fs-6qn d fs-q{ rE"}s ts-q{ a rrEk d 6 srdr t ftG{ lqrrr
& Fc i nid al +z F1 .{h rqrlEd di d,rnr t sih nia c{ c.d
qqi e,rfr t r tqs qr{ cr aEr +fir rfn t v} *"rfs aara t r

fuqn sr{r + Eq+tc rtr-4 q< onqrfta s(r6T'rr ffir.
tdqrr, f{qd ri8, {or ct { qft t r

*'ttiq {,r Frqq-q5rr qER + 3ir+yr q6 <qt +1 cftrsFin
6€ t nq ffii? E{R + .3nnII qs {Fi ?at qrstrd E{i t r

a lsr+rii + qla E rt ara {d rn +gn q-d 4,6t t I

d feR iiTndi * Etq d'ri eror ce, sr+1rr*r * Ilnre
+ +1a;rrnrft < sr* +e d Br + q{ + A6cE{ii +dr t I

cfrriq-ffi srf6 d f{qa qm rqf6a 6{i q ,rinfl-e
qdeir lr$ t 3ri srn q{qrg3,i t .tr{i r€i E fiivi sqi 6r
Ers A-dr t r sRr rard t Ts- E{ qsfi ,it it yFrtq s'[i t I

gF6r qrT6 silq t
yfrtdi or r{q}.q< dt y+n t Elm t:
TqIlrd{ frq s MFq
ffi frq C Iidlfud cid{tii Er g@ fiitq sqR cfiitci

ttr*{{rq{Etdrtr
R R,rR._Rr_

{FrFriR lFq i ffEi rftritdi + qE{a yf trr 6r
T#'q 3-J* eFdiii t q6qj * +r + q{rE{ Etdr t I

]/R = 1/R, | 1,R, + l/Rr ---
f{ip erqd-flf fli 61 < +i qrqizi 664 t r

frgd €rqd = afi Eci,qfl {qq 'Esfl qrr6'sra' t I

r fsdtqE = io' qE

rtnsE.idsre
r Eid qr{{ = 746 sre

qt ii cTfi i{qi Bc6oif dr sd 61 ,l1 T-d $-ql + qlqr tE
fslil-sE-ria {-.{ (d. ) nr{6 ,i7 n+.r ttdr t I qc sqt ii
sE-ia 4 fff,tqr. qra { qc} t r qfr 'alz s.a' 5qi 6i q6
q-fl t nit I sre El nFdr 6r s{{{q q6 € I qc 6adr t {6
s6oo {d * q{ra{ Erdr t r

eni-ar-fuqa rm o1 qfu< i qrci ErdT .i, t TS cft,ic d
Moq d ffi i r arK{ iT+a +r rftrit't vg< drm i r

sH.{-fq-dr nfi !frcq i a fqsii+dq fclrcrd{ rrcii!
f{ql sm t Ei $ &isq t d v'nt t srnsi.it€+.{ 6r ltdtq
lr{d Et{ ,qrf6c f{si cRcq i FarfEd qRr i 6X gffir r A I

ieqa q<-rfiw t oi srfllt sit g{e fu eTft +dr t
qr iiEI. t Fi qlql qit fia uq t r+ im i ua +r .<ri+
6r G i{ft-ff s{Tdr qj dra,{ 6r dr{ qrEq tnR 61iE fffii
q,f$fi ?t'fr Ts{ rqTfdn qllr fl qrl Tf,{r fi irltlfi Ehr I qFqq
tVt*llixqio.nqlwmir
qEr6-a @agnetism)-s4cqq 600 {. E SftIcr qrrfl +
ffiivqr fla rcn,r{ gq+ic yir t g6r rdifiwi vA *
qnol flfi -flq ffia qgl 

r

EE-fi + Ior-ll{d i qt6r, Eqri cnft gB qr{.3i 61 3rrn
eit or+ftc ori or 1o v+ vnr t r

3E-6 6t EiixirE+6 ca6ri vr rr+r ef,er q-< rm ol
dq q? sftr"n qq <isr"r ftrn 61 iiq aE dr t rEt Fqyr: s{t
!F s <fsrfr qq 664 i r

1<* +' vm gri i rfd6'tq qt ffid qdii 3rTsftr ET

fur cPn qr t r 3t{6 61 n ar<i ii afiT ti c( +il gar+ Tdt
Eq-6 + 6q q 6rd 6G d'rd E r

gq-#q qt{ FnS 3,++ t =rti 
.*r +r iE q},, fuqii {Fllr

3rrs{q ql nfr+{ir qd 6r eqrrs 6r<r t gq+tq Q-r 66drdr
t r rs+r qrrsi +s i r

t{Si qRr n-arfad d G ffi ={rd-dE + wq gq+tq g$ a
qn T{ {t fdtfc-{ i} qrd t sis qRr Er rsr6 q-< F{ f(ql qq
il q$ ar+ m * <rnr<r ftq< d qrfi t r Eet se t fu
ffi alf* it qm rcrkd 6,G c{ Tqh +{ qs Tq+1q *-,
ric,a dt qrdr ? r
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f{q Eqs'-t{q( qI{ '} 3q*tc aqtq 6I c+{ 6{ t{q(
Xw+ arrn afit rqtetri fudt S ffi* sffiR +1Ai 61

BE t6{ E€ q{ nia Er nR ai-z Rcr qrfl t dE * ffi i qRI

9-qrf6d 6G q{ 6s f{qn Eq6 qr qrar t r q{6r scq}'l-drs,
6n. arfi qr {it{ + 3Tq f6€ii d qi At * .rd{Ai 5l frdrdi
nw f+qd ria, ?icsrf{ 3rR fl l6ct qrfl t I

grdo it q,d.rz

yh !q*q q<d (I)ia Mrenetic substrnces)-3q+tq ti
+ ffi f<{r i 3q+tq di qri r<r$ d rtt t rqet, fqqq,
<isr, sia, +rT, AIr, ar+, ro rrrf< ffi 3<+tr vod t t

q1 gqqit.l qErd (Prramagnclic Substatrces)-Eq+1c
qr-, i lqTi y{ dq qr{I i 3qifi Ai qrd cqrd Ei 66n t I

fi-dtsqq, cqtftqq, ffie,6tc{, ftiRI{s riGt

6t6 qE-atc IrEIS (Fermmagrctic Substences)-3q+tq

*-, i sni c{ r{d lqt6d di qrd qqqT +i ttt t t ti-
eta, frfue, otqe qE t

=ttr-dr 
gw*t< r<d + ,itd{ s*is qrcIES t .cfd{qq

rir+n o1fti t r q{' Ere-r d tots t rozt 66 lrqq dt t r

+€ Eq+tq r(Id d gq+tq 1ot driii * vtst liown-r <
q:ta * onv eto t r

qff iflq (Curie Temperrtur€)-qt nFI firs+ Ec{ T<Id

:r1{e1'q E ffi trq et6 gq6rc 6t qtfl t I At +t qt
an zaoo tt<t t r

-rd iitt (cast lron) 6r lqfi q ft3Eqr ltil qTsln

t €t qrfl t Tqi6 {qtn fi gw+l a ie-g<+r ric* dro i t

Smf<< sr{rni 3,++,rd At i qi ellg Eq6 aqrd t E.rTa

qri t r Eq( qA, ?issrd{ srfi aC iG +' nqr 6rss-si6{
i{qi qrq6 c=ii } 3E-{ 5qrt } <lrn qfi t r

B Eq6-a- 9dI qdF {q+ +r !fia q+nr ori t r g q'q+

- "ior"tr 
Tu rrrr .,lu c, ,isn t{a qa. 

"tr!i Tq c{ 1qd t 
'

gd + gE-6tq Iq * 6R ii 61 3rii sE 6Rq d rf,l t t

cf< ffi f,ii ql Ers sir 9d il ,nE fflr Erq ii 3sq gq-+tq

yrurarmtr

frqir 3E4tq i{sT (Etectro MrEnetlc ltrducliotr)-
tdqi Eq+fs s.{rE t idG i eqrfud t} Y{iFI fdqr t6'

ls.{t qEa' 6r. lrRrcr'fi i qql Ers?it ; crc cIF cr B
e lli q{ Eqi iqdr ErdI t n $rsd ;f r+q f+g( sr66
qo * qnq 6r<r ? r tnnqrd { ietc qri gq{ ql Ttd *
TElr rd 6rdr 3rfuE gq6 6i fuT{ 6r*' S;-sd 61 9ry6
t tr d iri qr crs eTi c{ lfi fsc}c Etdl t qsl se Elql
fu q[rcr* d ger iqtc gqrc s'rqd + qts qriGrd

n qr F"ir rr-r t r Foi irrG i tr6{ ffirql fd rd
f+fr t.'rd q B<+ * qls srqtsrd.rh 6tir e n Tr-di
d q+ f{qn sr<6 E'r r+Tr n {rfl * ffi ciTd ffqn qtr+

Ee 6aA t I w i{{d s[r6 qa + 6Rq gi-sd t qKI aFA

t ffi ifia qm tri d rs qzr +l E1 t{qn gq+tc ir',l
rrtir

f{qd gE-+tc ilol fi-<Fd c{ s[{rii, f{qa ir.{, ?iqFrft,
qrt+Hr, drss-dfi'{ *rft Er{ 6{ft t I

ziq$d'{ a1 r-6r{d1 t rsr{fr rirsdt iSi {q r qFrs

t+qr qrm t € qvsrs (!tcp Down) nq Tqrfr (Slep-tip) A
r+r< 6r tra t zis'ndk or v,ir,r *-q-d reT{d qm d frcr
qrdr t iie lrRI i Td I

3nqtr6 frd q-{4ruJ rllftto1
(Modern and Ngclear PhYsics)

aa-*ur-riffi i n aq aq t trdt {c{rr ffi *t a"ii
i Td Etfi 

"qI 
tfi{ir fqtlfsd rd f6cl ql q6fl I

drfdor g.6: .fd 6+ [ii fiib Etjroal
{olorl
{ffir (z!rtr6)

*ir (T<rdr)

qEii (s<Idi)

!E ii,i'i (a .lrr.Tfr

-frclr (i 5-cl q.sd

drrotdt
i.i. sifcqn

raqi"

Trdt

Ertrqf ) {+El
q6a :qiem

arFa6-Trcr5 aI qqR sq* nf'r6 i +Fs? rfdt E

r€Er riq{r irzn qi tEr t rlrf.r6 sqr qq !q €tdt t I

Tftr6 + qtq nreril *rn + ds q6 3rE{"1 qf, 6r{
qiET6 t ad qlii6r{Fr+tq qE

ai r+nlaq lr{ilr o1g<fr t rq]
or<r t ;it a otil ai 3{cg
+at i r lfir+lq qo at
-,t* + +* ,t*-o* I ;irq urq' fEqFE i T{:r ;E i r

qq.qrF{* tt"otop""t-rh a ro e -qr"l f-iri; (qcn
trr,n -i{:r iqr crqFl sciT ac1r Ei qqqliTs 6f,{ri t | flc'
fu-{ c dBE 6l'isl Fqrr c-1 Brr fiI {q tF f{:r
ffi t I qqstir+ + rrErd-{+ lq ga qqn ft * r

{qqrfr {lsob.rs)-q iqTs:Il qrcq rrF qqrr EM{ cqq
sqi6 3lqh q@r E ri-4" qil ,i@r i* f'I= d -otIJ,
6rdri t r t{+ rrqlqf{a y f.r,r ftr. an t I



\EdtqEr{itr-fd qi t.r6?q frfs{lrE-d: E€fi( Ai{frd
t rn fqffi,r 3rcicrfl qflql qFrq 3rG 6i itri dtn,riffiT'
€-e 41 grrf{d 6e d qrrdr rqt t r Er rrgw f<iooii air
ltuM€q ffi ncr E<r{ + rq 5"r 6i ifffi{q 6.(
t 3i1 td q<td 4t fs'it qks r<r{ 664 ? r EsC-tf{qq.
tfsqq, dfrqq, iqlt{qq .rli 3{A t I

{({stg i 11 E{tr si fsq( tr i g{R E] d-r r+n
el fo<"ii qe (c Trjnqsi), e1-a ip aonoq; 6q1 ,r, 1,
sqrd-r) + 6c { Tasn ql I

erd arg-fwi {q{<oa i ffi W€q Eqrd +i
qHr ffid Et6{ 3rG cRtufi qHr B1 3nqi 16 srA t Tq
rmmco ai rrd erg ori t r

tRi scetf{d-5;6 id c{ lirit cr Ea $cl srd 6!ii
61 q{crt 6{+ {{+t qnqr srnT B rgs E6R irfild lH qi€q
{q{qrirs, yr?fu6 fH qfea q<Iqil tl qfr +r,j ori ? r

rmr sq+r 3ttsftlql d. ri,i'rqR ii cs Tfu i ddT t
lkrit qf€{ Sq (Radiorctrve De cayy-tt+it qf*-e vati i
iffi qi€q 6q + s€ir i T{S c{crS qR s -qi6 Td.dA
oA t r q ni nFii 6r rq [tdr t w q.{ d lrs,it tf€s Fq
66t t r qqR lH Cf€s v{'l c{q Er6{ ++ q cksfia di
B rtHqfus f6{!l- q{qM } TFt6t EfliJn Etfr t ir(, .r
c{ nFr, qrE irfr qr{q 6rf6 6I $i$ I.nq rd y6dr t r crc sREq
i ffi i +dr t frT Es+1 qr arrnn s-.d qrfr t r

lH sfir.adr 6 Jqdrrl
liedt ec{qFr+l 61 3c+,r afiritq fsrcr. 116?r {dcq Brt(
+ orqq-r iI f{a qrdr ?'rH qf€q qqlqtra (*trqq) 6r cEsrq ii?. cr{{
ii7 + eq{r {rift t qi 61 .n*r 7a ori * fuq f+or orcr I r

tfsit qq{qrFr+161 irls4i 61n{E 6{S qid gRr fqlir,r
s4raii * T€q 6G El qTq-fl *r qqrr 6.i it isqr qrdr t r

rr{t{ ten ,Idr{' (Geiser Muller counrcrl fi 6m drii 6m d
,ri s*co +1qr*r aro *1srd t rrm f+roii or win 5fu t
6ri{6r.s $rii qi +qrgsii + qld d f ffiqr qrdr t I

tls+ qifs +ql€ or svq},r &sr t r d 3tBid{ 6r
qc{r{s Ifq * 3[q& nqr JI+i{6 6r Tq,iq Tfi €EjS it ii t
sq-cR d fscr qtdr t r

ttsdqf€q q{{qfrsil or sc.iE q{ti crs,jt ERr i-d
H, z{s{ q +sr€ qr Ertrqrirsii fl qfu qlftil +1q{rfr
an ani i f6qr qm t r

)trq] qiee rq fl+{ rr . q c,,) € rdT'r ffi Tn
.,i',ii e l-s ltil +1 aq an on nvl {tr<q a1 6p ==.--qi 9d +1 ar1 rc od d f+<l aror t r

{firfitq Eusr (Nuctcar Fission)-a6 gf*qr iq{rq st{
'ni rfi.6 <t d'r.m qqn 3,'rdFF i nrFr$'t i ffisd El
qro t rfdlq f'+srsr rsoro ? r rE +r{ sdc?]c <l qdr
ffit+l Eii nqr qrq+r i *fr?rc c{ Brii +1 srqrn 6{+

llft.qtc IiE{r Nuctear Fusionl-ql E* -[iir6 3irqq i
furor f'o qrir nlfrr* +r f{qilr {G i frr aw sul E-r
erfrir

rtnr+t licqr qnT sra iftrqii + ds +dl t {s tt <l
rRI6 sm'r 3in t n cfi dq yffiq T{ d,rdr t !r rfir6} +
nfrfi+fdq3rdi(Eq<rq\,tiTq q (io8 H*kr) rfr.

eirsyqqdr inA i i 
",.rr.rg 

eq * ffiz i d qrrrq d cnr t i

wqruJqc-T6 l1FIstc fqsEsr + fc-drn c{ elqlft-d t fui
srFfiiai {c-i?r irfqB?r rfd t eh erwr vci 5m Erfr t r

Eq i cTft fr srA r<d C T6 3irq{q-fi t f{ f,F6r rqqn
E6 trfi-qi qrir t 3rlrrd d. !s crrr Ei 6rtd6 i.qqn 66i + I

c{cq qq + isgi1" t dqrfl toT"C q q 3rsrltrfi 3E <]q
gi cirii dt arn 6( (i ard qffi s qgn i iE+{fi I-$q
sqa rti t
Er!-*q-{ qc-q6 afi+tq t'oq? lfuqr c{ snqfif, t r q{q{
sq 61 rqqsr tooo rj'rl 3rlEfi srffi Etdr t I ErfEt{r qq S
t{sire i T d c{qtg Eq tdeie +trfl ::neT{{ dr t r ird,
arf$cr Eq +t fli * fuq wcq <r rrr* anvr+ t er.fi
s rfi+tc { {r Fqi idt Frqf4( 6{+ rflr€6 6rd Td

Et cr .6r i I pitr{ fuq drc c{ {6 yEa {q.a Afr ? ss c{
c{crE3il i q!fr ftfi $t ETar 66i t r{+qrr i ffi +
sHi qet {rsrt r qdE 6fur sqqr t r

rlffrdq Fqf-rftdiq krq-sr i yrq 5qi d rlFr+iq
od +-64 t t *FT-m + qs ir+ & i+e':-sq t a,nrq zoo
Me\'' (fdir{r q+eir rie) vd w< drfr t r 1'+ xr {tt<r
+ t{quer t rri sql rTR +d t f dfi 20 Er a(r.a.
(Trinitrohluenc) + fqsiz t yrq 61 vr Irfa t rrF$tq
6qi 61 3cdEr rFr+iq fiq€t' i 6t6 fuqn Fqi fl i.n<I
1={-a sI 1:6r t r

c{crsj tqa-crcpJ tr{A i'friha gu-or tsIf\f*a 6m ssi
Tsl Fscr qrdr i r redi qqrE r-e6 firfiIrii M.+anq
(u s.A) ii nl. sd + iiqm C q-rrqr 1r,r ql I rr<i d Brii 61
rfd d *d 6{i } fdq !n,t rd a ,sr{. st rqta f6cr qm
t r tusite t crF -,qT t {d sl !-rc q rffida 6{+- udirr
q{i-J 61{6r{dt i tq-qn siq-:r e1 sral t r 6rir6ra{ ffi6,r,r *
sc-dl +1 1H + idq ftq€{ + qrn siF iiF1z d qt8 +qF
fli qrfi t r srfcff,qr al FrqIin 6{i + idq ffiqq 41 Bii
fi scclrr 'ir"iT{ as' + €q c- fuqI qrdr t



qlff6ifir{ 9r

q{ nqrTdlrs +:r< i +1sqt qr tir dlr+tq {r+t
t r q{ } rffi rrn or arvan 167s 9fu1 | Q 56gq-{ {Fro
* d,rq t stcq to t r

I-6M &q ]F{ra (Phoro El€ctric Effect)-f, *rEdf c{
Tq lqqfr 6r ysM srdi c{ E{*1mr6 n q+qr{ T{fti( dt
t r ffii * vq rfiR Tffifi El q.{ 6t E+tlt Eqd yrns

rri t r .{rfl qq],r 6{ rdrpl fuqd +q El t{qilr f6qr qrdr t I

n o{ r+r * dt t *n-r+rs ued-+ *a lrmro emtssive

Ccll.) rffI +€tc +d Ohoto volraic Celr) *5r'{r qrs+tq +6
(Phoro conductive Cell) 3rR | fl i?ii 6r c*'I ffii i
-at{ x.{Edr({ d, idi{qr i, s-€6t c-{ qfrd orfcl qsrfdd
Er+;ii. aqr iihi B ffiffi i iila ffi, idftcrq'ii 61ffi,i|
61 qffi t fuqr qrdr trqra ft ffr (sotar Batcrrr) $
eailr
llFI qqril (R mrn Effect)-9-6ra {s ffi il{, ls qr tq
* vcrfi war t 1qrm t al rr+ 5e w r+lfoic tt vror t
ge e-+ff ln rflII E1 d-qq 6r{l d c{ 6f EEi crq tA I
fu{i gE 6l dd cFErrfi yfiM h q{w{ nvr gE 6l +e
s 5@ EI qftrfi ntdr ? r $q 9-6I{ r6ra * r*lFta +fi fuFrn
t.r{tr{ qrd dE+ i fiqqi zti *1qfl +t tql c,{rs 66t i r

Es+l drq qr.d-c ffifi {{ s1. s1. r.r{ i 1e28 E. ii i6cr qr 
r

rfu{fu (Ftu."c$cnce)-+ga :i tii rstd t iqr q{ ,td 3ir{fr
qr i{q nfitt,i sr r-dRr srdi c( ; 3rqrilFd s{ fiq qrqfn c
Eq dirtd 6T y{Rr -€ffn 6{A tr Erii Td r€fi ?!t 6
Eim t qq r+ sr qr r+nr qgtr rr t rqrqe{lFr4fu elt( ii
r<rd ,fd-afu 6{dri i w+ -<rE{"r-'A{. FR, t-id, 5in"
{&, fGqq fi*rtq iift'qq srfir3 lrE t r

vssl sq+{ c{rffi ffi q Sfi fu{trii 6r Edr drri { tscr
qrfl t I w+ ERr <{c qrf. i fsFr.r i.if 5r v6r{ vq iscr
slvrflir
anBcr s.z: GIr dr€.c A [@J d srE Ai oIEl reIU

(qq arrsa r{ tlftd cind crE .rtrn rd'sr

rcEzq-hi+ g+rrs, 
tfarqq qqrgs {rfrqq q-slrg ffi

I r rov 
=rc+ 

+< 6r fi q( H qry T6 s{Ier 6r rq+r
ar ryr .e r nra ? r r$ +1 qr$. qs? iird. f{iEfl # qT

rr qeEI or ic E-6rcr qrlr6r i r

3lF,IaIE6.dr ( Supercotd uctivi+- Fgrrr5l Intq 'At(IhE
f+' i *i d, q-mqq, 

Fmo 'rRf +t cfurtq nN 6c 64
q{ E ir sr4r i c+ xti i+'a t+qt qNt rfr.r i' i q.{
Eqr sI4 B1 

.]ll;n i rEE sdfrqr i *.rRq irtrsr4fi ffir-i * rsq
irsrqr i qEil El n'c a[q ffi *kr * qfrq q fe rqr
7r lr3{foEr{6- ?fi (m t qr{3ii i- Fdqn qFr st{ is4,
qr{q €rd + q-6fr Tafi t] Err{3n El ?re6fl EF-+tq ti*
IqIq irn ne d Brfr t I

tgt, tnlO.\nt-naa Detectior and R.trging -qif
efrqri. s f{drd i 'Errl .,f"ro t r sqi qFTd i qi 

"r 
rz

-'tgqr- i,i rrr^m,neri s FFTTEI rRecei\er, "+A 
* I ?irrqE,

i tdqd JE-{tq il,li e'afia a H Tn *, srqqr "rii n76rrfl rni q" ft{EF EI'I '16r 
qI d qFir t r Eq-6t t{rislr

Er+ sTgqF ai fufr qq ft{fl 6T in srq 6{ fuqr irdr B I

fl& aI( srscF + n{a i qTi qri qr(d, qf,rg nqr s€ar{ *
qftu i fircrg. Ta..i 9dr * ,u i ffi uirii 6l ra
E ITi + aq qq +qq al qirq{un { ol "r.i * r

+€r (l.arer)-Lipht 4mpiffcstior Br Stimulat(d Emirsion
or Rrdir(ion- srrsr i'?i i 'r4t{q + t{flTr T4rh Cr4

lFFIcr 4. ydqi'r sr ra ii c n+-drifl ?vrff64r qqEidr

ra .in-r * y na +( av rfilll=-tiiifr nnir, 6ld"
<B3rrprrc. tt{cq qrarF-s. ffircc qE. rlie n rqa
*1 ar r+-at i r sitrr a$ 4 ntsr'iv ft tfiEn dq 6r
r.irq faq aro t|fstd-q iq-fl. i rq-sr 3c4ra- 4iEit o
3f+n aii+{ + sls. + * i'i *q,. {qE{. tc N.
dqr nlf< s1 fufff,r i f6f .IrrI t r'?i.n t sqqF il r.rrq
fficr{7tt+qrndrtr

TsiFii ri 'nqqr- sir 6E rrq- Ai sri ir<i. Trq qr6l d
Ttsri, T{-+ B1# s gF *rd i rt tsqr .rnr i r

ag da t fr+r5+ 6l [t "r,ri. iqr :rss-r. irq{ ?c
Tfi. {nri6q ffil h 3lrqEc+ rsi reE qrn d f6qr qrir

i r lrqir+r :r*at i q+qr .:rFti- q i+rq ar qr t r

L

ig. (Maser) Mlcrorrrve Amplincador B) S.imularcd

Emisrlon of Radirrlotr td *-ffi-6{q * E<Acr 5q-#
Er{l qtrfi firfi 4t v{rr' r FEccq tq-{ 6I ][rqqR zrlq i
f6qr qt As{ i r6rfl fuflre-a iirtr t r ret+ tcr d qer
art sca ttfr t r *fi vrEfwn i er<fta { d n r +r r<r{vr

E]:l l I hF i 3qdE +r fir :vmi +1 rn+ ar+rn vre
ddrsFSlr

AiEircq At-c

i=i6 tqia*z
ffiErcqfrz
fti6 4titr4q ftrfn6z

Idrd v6rfl

16' fd il ar vonr

ft Il1 a,r rfiIvI

S-{{fu Oh$phorescencg- td T<r{ ftr r{ 5iE TIFI
itiF giEM Er?r 6{ q< m A c{ !fr T{S rr+1 .Erisur
errar * +{dn ge t{ rc v+rs or rsde do reo t td
'rr+ 'q;rfrfu' aqr vad +i 'qirdfu rod' ori t r rvh


