Class 12- Physics Board Notes

Il. Dual nature of matter & Radiations

The clucbv enomenq Like. m#uq,umce
ahﬂ-rachon Qnd mﬁh of eatob Lished ﬁu:i'
+the A i of mve notune. The Mexwell's u.ahnr:'\&

ele ism ond Hextr expetament o the -
gji.'wn anmdlm of dec{mec‘%Jnmc waves mpgas

Sthungly Supporded the Concept of waw nature of

il
T 20" cend the discoveries of photoelechic
effect by Hete, Compton effect by Compimn wer

by gquamium of - According o which,
the L Comsist of the packeds of "—“’"“8‘3 which
Zravel a)\d'n S't\'mw Lz, wnth the. Speed of ﬁaﬁd’

Each packet of entagy “A callesl photon (hy).
Thus the podicle nodune. of Ligid was estabLished.

Free Electrons -

In metals, the electyons Tn the outer shells
(Colud volance electvons) of the adems ane Loos
bound. TM.? ant free. Fo mMove c.au!né wiHhin H\e.
meral sunface bul con mot Leave the® metal sun

Such LoosdAa_ bound elechvons ane Callud free dec

The Aree elechroms ane hedd inside the meafal
by altractive fovce of the swdace Callid restyvaining

:foh.(f—&
WovK Function ( ¢,) -

ed function a mdal A4 the minimum en
requiy b cm electyon jwst escape from the me
S 2 e satas to ovu.f.omc restyaining foced at

the sunface.
Work function b vepauended by ¢, and measuned in ev.
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Electryon Emission -

The phenomena of emission of electrons
tmp Jhe sunface of a metal i3 Called elect~om
ey ssion.

) The electrom emission from a medal sunfac
48 possible i the enungy PoucsSenl by electrons

4 monre than the work function oj the metal .
The. Acqudnes] enargy fox the electyom emission

from the metal sunface ©mn be s ied 1o the free
electyons ba ome Q}fqmg fono-o'mg_ ‘;Ph;fw Pmmse.{r

(1) Thevmionic emission -

Tt Jda +he Pphenomena of emission of
electvons from the metal Sunface when heated suitably.
The anu:l} requincel forn The eroission °'b electrons
metal swhface s being supplied by thenmal enuigy.

The emitted electrons asne ealled +hernal
electrona c0A Hheamions. The mumbes ob Haomions
ewmitied c.u.fw.nels en  the tewperodune of the metold
Swaface. Theamiens

t 1 1
Lol .1 — Medal Slab

Theamal
Enzagy

Gi) Seundwo:' Ewmission -

Tt Js the phevomena 6f emissiom of electrons
from the suaface of metal in loage numbes when fast
moving electrons (phimary electyons) shike Hhe mefal
sunface .

The fost moving electaoms ane high ennngy
elechions. As they fali on metal sunface, they Hansfer
theiv enengy o dhe free electvons of +he m@fod by
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which +Hheiy eneagy  becomes Maore. than the work
netion of the metal So +hey one emitted 7""’”’
fl'uh:, ™ Sunface . d

The eclectrona So emitted ane called seconcanty
elechona .

PAJ.MM"‘
electren

‘|- Meta) Slab

Seco
electhon

(i") Photoelectric Ewmission-

Tt u4 the pPhemomena of emission of electrons

Hthe sunface of metoal when .La/N voduation of
switable _frquncg_ fold on U

Hene  the 2mungy do the free electvons for
Hady ewission 44 bein supplied ba_ L photon.
The emiftesd electyons ahne colled photoelectrons.

The numbex of Photo elechont emitted ohfends
oM the imns\*a of the incidlent Mafkt

Phot mﬂ_)j Photoelectron

..V.. .

Gv) Field Emission/ Cold Cothode Emission-

It us the phenomena of emission of elections
the metal surface unden the applicadion of
a .sbmna electric field

When a v Atrong electaic  Fleld (logvm") ud
applied 4o metal, A emitts elechona.
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Photoelectvic Effect

The ewission of electrona from the swiface
of medods, when rodiahons of Suidable Frequancy
ol on them-

The emitted =lectrons one Coalled photo-elechons
and the twwount so produced J& Colled phwotvelectvic
Cuwhtond

Expoumental Study of Photoelectric Effect -

The Oppanatus Conaist of an evacuated
loss o quoste  Aube which encloses a phofosensihive
lote ¢ (carled emittey ) and o meinal Plare_ A (Called
Cellectar )-

A oo window W 4b , sealed on the
aAqM jube which Can be Covesned with o filten for
a ka&d- of paxhculon vacdiahon. Thia will” allow
the au?&d' of particdar wavelength to P«M‘H\m\ﬁk
d' The plate A Can be given o olesised posifive
oy neaod‘\vc. Poftn;had with ver ::-{ do plode C,u.slna
the WAnacm,u\k as shown In f«aum.

— Ia
| 5 et | s
—(K)——-ﬂm
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Wovkinz -

When & monochyomatice vadiations of

swtable t«qm obtained Sownce S, fald ov
the photosemaitive plote c B Phodvelectrons ove
emiHed C, which 3- accdu.o&ed Hwosds Hhe

plade A (tollector) if Jdt Zs Kept od positive potendial,

Tﬁue electhona f.hwa In Hhe outen civeult
Auuuw'ns in the phohelectaic cuwmank. Due do At
the micrammetes. showe a cleflecHon . The quol.w-»s_
of micammedes, meoasUsrs  Hae pb\ohdec)mc Curnend

TRis expe).. erent Con be Mbtd
do study +he Voriadion of Phoﬁkc)-nc c;:am} PATTN
tHhe ‘-f-nllomna, ﬂu“"‘)‘h“

() Effect of Imtensity of +he incident vadiation

ng ‘Hr\e_. l-rd'Cv\A\ the tnaidexd
Y«datq:hows KV::E;‘ ..qmnc‘j Mfan:?‘ IJ' oY
-found +hod‘ +Hhe P %,
wWith the indentidy of the mcao\.u-d n-ao'.xahm.

[

P

Phodvele
Cuwsand

= rm't?
Alse +he. numben hotoelechons emitles per sewnd
oﬁ?j P < s

Sirect vyoporh 4o the imfens +
Lopasy Pl i ety ey

(i) Effect of potential of plate A w.rt. plate ¢
I{ oY :fuuv\d ot the pkdfodecfﬂc. curvent

increases with the increose in pesitive_
potentio) A

Class 12- Physics Board Notes Target Batch 5




. At one stoge for a certain potihve. pote—
nhal of Pplote :3 -f‘hf Photoelectyic F::uhhlni' bf::nmu
mom'vmurr‘\’or Zoduhodes . AfJ’CA, +Hais it we increare
the poshve petevidial of plede A, "Hure will be
ne inweate in Fhe phodvelectric cwwemt

Thia maximum valuc of Cwvunt is Colld
Sedurodtion Cumient. The seduiation cuwwent

Corvespords Hv the stote cohen all +he Pkoh:dednns
emithed Fem C veach the plde 4.

J

Photoelech

Ia
111 I‘? ‘I’_> 1|
3] 1

Ve | Potential

Now a negodive potentio) on plde A
w-v.t. plate €. We will note that the photoelechic
CWurent olecrensed , because the photvelectroms  emitted
’f""’""‘ C ane rq:e,lh.d and Dﬂ'j e.rv).ad-ic. photvekehons
ate Ymckina_ +he plodn A.

e Pncrea&ng +he Maod-'\ve potential of phde
A, the pkobdqd\ﬂ'c. Cwsent decveoses mfv‘d and

betomes zevyd ot a Centoin value of negadne 5
VA on plade A 5 negdne B

Thia mMoximum ﬂeam*"\\le pererihal o, 33ve~n
o the plede A wwrt. plode ¢ at which the photo-
clechic Cunvuont betomes zexo Ji collzd shpping_
poterdhal or cut off potential.

K = V6 = 4mu,

Whre € = Charge on elechen , m= mass ok elechon
Vinae = mMaximum velocity of emiited photoelechon.
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The value stoppin pod'-enﬁcd‘ Ja  imclependent

the intenaity ocb—Hw_ ’?ﬁuglmr vaduation. T+ means,

e maximum | KineHc enengy of exmted PMbekebv‘ns

depends on +he vndiahon ssunce omd notune otmakml

°Pt lode € but Ui indhpencert of the wdem:}y of
Wetclent vodiation.

Giv) Eﬂgc{ of fnwnu‘ of the incident vadiahion -

when we doke the vadiodiorw of lLifferent
bua'u.n.nc.ies but of same ivdensity, Hhen the value
ﬂ sthi'ns, Po‘l’c-nﬁa] kY J:iifcf fbf vad.ahien o_f

fferant Mchj .

The value of 5+bpp'\n3 Po'l*enﬁd JA moAe_
-ru_aodive fov  vochodion of Kla,%ux nerelend b’tqumra.
The value of soduwredion cunnend depencs on the
lnhw&'\iij of “incidlent vaduation bLud Ja mﬂufe"blu‘d’
of the 't'u?‘”‘"“d o:f Hhe. neident  vadiathion.

Photoelectric
Cuwwnend
oy B>V,
{ Cuwwunt-
v’i “"l- %l ) M |\ "

Gv) Effect of frequincy on stopping porential -
Fovr aQ given P-;\*MJ“!V& modenial , Hhe

.S-happ“ potesdiod “vasies *UMJ-'J with the frequs
of -rh:?nddu\i' vadioton. ™t
Fovr e photvsensitve modenial | Hhone ua
& centoim minimuin  cut off j-rqu.zmcz V, ((threshold
frequenty) fov hich the stoppmg pefential L zervo.
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Metal A

s Melel &

petenti

F*awg of

o
%
4
the infencept on the potenhal oxis = —%_: -lg._

infenapt

Hemt  wovrk funcHem = e x moagntude o
fu ¢' o:ﬁ'Hr\o_ POR'RHAJ anls

Note - 14 s found thed, if the incident mtliqﬁm
Ja kiakus. un than thod +Hhveshol

:njan rmch U&—Me emission oif hotoelechon

Photoelechric &m ssion staxts

3”"' A very

‘The Xime l&a between the ]nﬁﬂm 16"53.:,

and emission of phode-elechons 12
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Laws °1 Photo - electric emission -

(1) For a given metal and frequan of incidemt
vadiodiov, the number of photoelechtns ejected
per seco‘nd_ 7S oLwecJJ-v propoational do e intensity
of the inciclnt J.ia)d'-

2) For a aq've.n mdal | thene exigts a certain minmum

wen of 4he inciclend vaclation below which
no emisdion’ of photielechrons takes place. Thia
trts'u.tmud Y Cal.ﬁd Hiveszhold f-rls’u.mca

(3) Above the +hreshold Frequency |, the maximum
kinehc e of the emitted? photoelectron s
g:}dppcvwrd; of the inien&nb:, of the inciclnt light

ends Hie ey of inddend
Bty ol e ¥l sy
(4) The phohelech®n emigsion 4 an  insterdomeons

procsd . The dtime berwern +the Imciclente
voduodions and ion  of photvelectrons 4

versy Amall , less thon even 67 second.

The stoppin ntal I an expeument on photo-
elechic ¢ “'dp.l*: 2. Wt s by, msioen ekt
enagy of the photoelechons emtted. ?

Sel. Given thod Vo = 2V
S6  Maximum Kinehe Env.g*, Kmax = €V
Kmax = e x 2 = 2 ev,
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Einstein's Photoelectric Equation

Atcorcling Zo the plank's quantum Hheory
Ly yacliations CenAist of ;U-nj packets of enu.gg
telled photon.

Energy of Photon E = hy &(%7%&:&1

h = PlanK's Comstant

V‘M““’?%"“JM eeeeooe

o000

Einstein assumed +hat eme photvelectron s ejected
7‘n:~m Q mefnl .S‘M.faa .ﬁ e Phohm of .sW'laJ:J
yadiation fwu on uf.

() A holn e the
electron P‘”J ot P fndm-:ps swdnu_ whc"\f(:: equal
i the work —func{mn (4.) of the maetal.

(ll) TT\e_ rwl' of the ensagy of the photon 13 used
a..vm the maximum “Kindie enrdy Kmac b

H\e_ em photoelectron,
Max. Kinetic Energy of photelectson Kmax = Lmyy,
hy = ¢, + Kmax

Thia equakion 4 callid Eivstein’s phohelechic eqution
Alse &= hil  whoe ¥ u4  +Hhreshold frequency
Kmax = h(v- u)

Tk Vi ds +he out otenhial ov st tia)
a»bad e.ﬁ ‘f'hi chahgfe Pan the d:c PPI thn
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R o Bl oy
Kmax = eV, —®
I V. s the threshold tb-e.qwmcq Haen
WorK ﬁmch'on cl:o = hv, — @

evo = Kqu = l’\\, -, h\’.

evs = h(V-W)

Also eV T Kmax = k(-&- "-i—;)
oY

Nouv ARE
S0 ck_ﬂosce
0
\lT\c‘\'ov:{.
poxt YoV
DARE GNE
UP pNow-
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Impertant Graphs of Photvelectvic Effect-

(1) Frequency (V) and stopping Potential (Vo) graph

As we Know Vo = hyv - ¢,
ox - i
Vo = -é—\’ %_

So \A o Vv

Tkpu_fove_ [V ILVA graph A a sha;a)\t Line. .
¥ Comparu +he abowe velahion with Yy = mx—+C,
we mote’ that +he slope of v-v, 8'“‘?'" 2 hfe-

The X-indencept 13 W amd the Y-indecapd W - dofp.
v

(A
A B e
e v //
B ' "V

x Fr-eambj (v) ond S-hFP‘mg Po-l'er\};aj (Ve) &VQPM
-fmr dlﬁv.m{' materials will be ferwu.-n}ecl b Paxa_lld

Stedght Lines , because the <lope of each shredaht Line
2 hie (Covstant) bud the Hweshold n
it medennls s siffonent. preqanty for

(1) Frequency (V) and photoelectric current graph

The gveph Shows that 1
g vt I

44 p e, (4

of +he inciolent Light, '!;illl:\j
indendity yemains constond.

Sfem e
<V
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(i) Frequency (v) and meaximum KineHe energy grph

As Kmax chv- ¢

So Kawz o6V
The. V= Kmax h A a
Shrod }JnL Ccmpam*ng

He above veladion with
y= mx+c, we note thot
slore of V- Kmax 3“\9*\
is. h, x-indexcapt 1A
Vs ond Y-indeacapd W 4.

Krran

Y

-4

(v) Intensity and stopping petential groph

Thas h sSheows that
the magnityde -rhp,
shppmg poterdh

nelape clo.n!r +Hhe mimn
oj ‘Hne:n mudf-rt\} mquho:,y

tild the tve.qwm of dhne
YacioHon vemams Conttank

(V) Time and Phohde:h—ir. Cunrand

This goph Shows +hat
Hae photvelectvic Cumant
atleuns tHae sedurodion
value n 167 sec. from
the stont of vodiaHem
folling on photosensifne
modesial , lvvestpective of
the W\i%\{j of incicland

Ua&d.

v 1

S S——

I«nhmi{;

1
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Pardicle Natune of Light ( Photon)

(1) T interoction oj- yadladon ity medter, raclatien
behaves as i 3 mace of pasticles Like photons.

(3) Each photon hes enwrgy E (=hv = h9,) and
momendum P(.—. ?_\a\l £ %_)

(3) Twespechve of the infensity of rackation, all +he
phofons of a panticulan weney Vv ov meengj-lr\
A have the some entagy "E (= hv) omd the same.
momendum.

@) By mcr{cwn the intentity of vadiakion of a gven

uency uoqvekn th on o medel sunface, thene

s only mcrem&e in the numben of photons pea

Ssetond —fq.l.hng o thatl swface , while each photon
A2 having the same 2vungy:

() Al the pkohm,s em)tted c\ Seunce of
travel rouah Space wi Sqm 5puo(
L8 tqun,l e SPuzoP
&) e weney o P\whm ooluc!n Shows q dufinite

e ov Celo¥),’cloes not cb\a-ngc whan pheion
WL‘?S thuah ohﬁmr\} med i

(7) T vdoul-?u of photon in ol media s
iffenent cohich \.m cluz. 4o change in is wavelength.

(8) Pholons one not ected by elechic oncl
megnetic fielos . Hence photons ase elechically newhed.

(8) The verxt moss °i5 a photon » zevo.
Accoreling 4o the Hricory o-b Ye)ed—ww{\_’ s Hha masr
m Oj @ PM.hde. movm*a wr HA veru-h:j vV, Comparable
unth Hae Velocity fo _,L‘?(d- Q s a-wtn b:,-

Mo

M:-——ﬁ.—_\lﬁ_ oy M, = mJi1-Via
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Failure of Wave Theory of Ligit to explain
Photoelectyic Effect -

uﬁ@:n‘s wave. Hienay 3]’- ,Uaat«} coutd not explain
P

foelectvric emission olue 4o Hae given reatons .

H

Hae
(1) According 4o wave *theovy of Light, i} the infensi
ob— JJ.?M gia increosed , "f"\b:}!.g_ g:illgti ')?warme i:y
amplifudle. of waves and hencr. entagy Connied by
waves  will imcreose .
PN beqmoj{jmjmmaw
ace., the entargy Cann by ba.ld' i Slishibuted

uniformly oven the” enbive awnfaw” of mmehal. All the

er eletivons present in the Swrfact of metel will
Yecaive the Ua&d‘ ereAgy  and -H:wa vl be E’;ected
out of metel Vsweface.
. lhen  the waves of L o >
!Mef\b'\*‘:-j fallh on a wmetal s.?:-f\:cg_ j.}%
Lmpont mors evengy Fov the electyons in medal.
Dur o which the Kimehe erungy of +he ejectecl
electyons  will increone.
TRA L& &8&.:\1\6{ +he cxpulrrmhad Ffacts Hhot the
moxtimum  KinehHe enengy of +he ejected photuelections
i ndepended H\Ej'lnkuuityg iy o o

mei
@> Acc:)rou'nﬁ do the wove theovy , b:j {ﬂcre.odsi'ng
the bnderurty of the imcidend wave of Lght,
the evungy “Com be imcressed omd photvelecthne
emission will duke place ewven :;b the grequency
of the incident .,Uzw' A deas an  threshold

But ik 54 O.jod-ms‘l: dhe expeximental fact
Thot Mo photvelectric emjssion Fakes place
a metal sunface i the frequency of the inciclent
Light i3 s than  the tHiveshold “frequencyy ne
matler whodever, be the infensity.
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(2) When the wave of L falls e a medal
sunface, the en of “the “wave of ,Ug,bd' Wil
net g0 Fo a p:g;‘cm elechyon  in mided but
whll e clahibuted Jdo all +he elechons present
i the illuminated portion meta) sunface. As
L e v s woeied 1

me In  cceum n entng Wire.
Haziy emissioym trumgmd'o.l sm.jacé_-“q
Thaa L alag o.goJM'E Hae e)tPe)..'lmn_Y\}a] :fad'
thed the evnission of photeelectyors Fokes place
Lm-necl}od'd.\j cub“’o\. Hee. «ba&& i imcident on dhe

Dual Nature of Radiation -

The radiakion sometimes behaver os a wave
ond somedimes as a parhcle , hence yadiation has
duald nodure. In a pardicwdan experiment, the radiation
hos o pasticulan natune (wave nafure ov Pankele nature)

The vanious phenomerno Teloded Fo yadiation Con be
deyidest ndo xeo. C_n&e,auu'ws:
(1) The phtnomena  Like imferfenence , iffvaction

and arnipation etc. Can be explaimed on dhe
bousis of echmqsnjﬁc (Wave) nature of yadiation
on.td.

(2) The phenomena Like photoelectvic effect, Compton
effect etc. Con be expleurud on “the basis of
quantum ( porticle > nadure of radiation.

(3) The phenomena Like vechlineasr propegation,
reflection, vefraction etc. can be explained on
the basis of eithen. of the wave natwre oy of
the panticle natune of vadiation.
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De-Broglie Dualistic Mypothesis
Acecardu Jo ode- Broglie a movi madtenial
panticle somedimes act as a wave ond sometimes
as a panticle or « wave s associoted writh moving
paticle. The wave associat wWith mavina particle
iy colled motler wave oy de-Proglie wave whose.
mveler?fh Colled  cle - Gmaiia wavelength a grven by
- _h
A=l

Devivation of de- Bwaiic quelmzﬂx -

According do Plank's guantum Hheony, the eney
of a p\w+v8;-> of a racliation of ﬁ'u’wc:j,v amd
wavdenal’h » S 7.

E = hv —@®

If Photon Jda Consicdired 4o be a panticle of mam
M, then according Jo  Einstein maas- enengy relation,
e exurgy associated with b oy given éé

E = mc* — ®
Fom €9 0 ond @ we got-
hv = mc?> or mce = %‘3
Momentum of Photovy P = mass x velcity = mc
= hv =z .k o <
Bl= M2 (v=%)

C
= =h
oY A-%-m

De- Broglie amumed thod the above esuation 4
table Fv both Hwe photon of radiation

ond ot madenial  pontice.
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De-Broglie wivelength of a charge. pardicle
Let ol ch asticle ofy change q
L i 2 g e e,

having mass m

V., then
KineHc energy of the charge pasticle 4
J;_mv’— = qvVv
V= |29V
m

Momentum of +he change pardicle p = mv

o¥ P = [Zmav

The wavelength associoded with moving pevdticle

js 8'iven .blj A :_b__
F . | S
JzmqyVv

De- Broglie Wavelength of an Electron
Td A W the de- Ba—oa,h‘e, wowe.le.-na.ﬁf\ associoted
with the electyon, then -
= —h—— = _L
. JzmqVy ~ JZmeV
By Su.kxs.}ﬂuﬁng the valus ofy m,e and h we gut -

A o= G 63 x1g™M = l2:27 on-b A
J2x8x16% x e x16"0x v v

A = 1227 A

Jv
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