CHAPTER - 11

DUAL NATURE OF RADIATION AND MATTER
fafesoT aun gor & & Ul

% o aﬁr_:m 5) The work function of a metal surface is 2.1 electron
Objective Questions/ k] | volts. The maximum kinetic energy of the photo-
electron emitted from it is 0.1 electron volts. The
1) When light is incident on the surface of a metal, energy of the incident photon is-
the phenomenon of emission of electrons from the (@) 21eV (b) 09eV
surface is called-. o © 22eV d 20eV
(@ Photoelectric emission. U U1 I8 B HTf BT 2.1 SovaEH AT ?Is?l'\q
(b)  Photometry. IS BIel- sMaeid &l ead Tfast 311 0.1
(© Photosynthesis. sAdre [ dlee &13afad Wieid & 31 8-
(d) photography. (@ 21eV (b) 09eV
319 U1 fopdt arq &1 |Has uv HTafad grar & ar © 22eV (d 20eV
e A soiagi-l & 331 B geT HET 8- Ans- (0
(@ YD fagd 351 (b B 6) Energy of photon is-
(© YHIRTHAYOT| d  HICHUTHI @ hv (b hv/c?
Ans-  (a) (© hv/c? d)  hv/c?
2) Photoelectric emission from a surface starts BIeTd ol Hif &-
only when the incident light on the surface has a @ hv b hvye
certain-
. ¥ (© hv/c? (d)  hv/c?
(@  minimum frequency (b) minimum speed 1 @
ns- a
(0 minimumintensity  (d)  minimum wavelength ) Which of the followi tsth ¢ ¢
. 7 ich of the following represents the momentum o
et TrcTs A w1 IS avft gy grar @ the photon - arep
Stafes g8 3mafaa gester &1 8t @ g FAfvead - @ b B o
a v v/C
@ 1 by T (© h/A (d  he/a
C
(© gAqH dtedr () GATH AR eed . .
0 9 A 317 91 B & HAT B AT BT B
Ans- (a)
In ph 1 he threshold f f ligh @ (o /e
3) n photoelectric , the threshold frequency of light is
that at which- @ h/a (d) he/a
(@ Only photo electrons are emitted. Ans- @
(b)  The velocity of the photoelectron is important. 8 The dimension of Planck’s constant is -
()  Therate of emission of photoelectrons is minimum. a)  force xtime
(b) force x distance
(d) none of these. . '
w1 faerd & 31afty yeRr A At 3ght g @ (© force xdistance x time
FaaR- (d) force x distance/time
(a) BIeY Soiae T HTH 3caTstel & & wiieh foradies o1 famn & -
(b)  BICT SeIcreT ST AT Hewd &l &l (@ T x Y b I xGH
(© WBIeISeael-l & IS &l & GAdH gl &l © FEAXGIxAT ) FTA G /AT
(d)  ZAH A Pls TE Ans- (0
Ans- (a) 9) If the frequency of incident light is doubled in the
. . . experiment of photoelectric effect, then the stopping
4) Which of the following metals has minimum work potential will become -
function -
(@ twice (b)  half
(@ lron (b)  Copper ) )
© Bari @ Sodi (@) less than twice (d)  more than twice
C arium odium. .
: 3 gfe webrr fagrd guTa & g1 § 3mufaa webnr &t
Frafefera & A faw arq &1 7an o e & - 31Ig TRl g % &) Ty A PR favra 81 strom -
(@ 3ATRA (b)  PIIR @ gmr (b)  3q1eT
© 9ofag ) |l © THADT o T A NES
Ans- (d) Ans- (d)
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10)

Ans-
11)

Ans-

The ratio of de-Broglie wavelength associated with
two electrons accelerated 25V and 36V is-

(@) 25/36 (b)  36/25

(© 5/6 (d) 6é/5

25V 3R 36v @fta a1 sAagAl A 73 S-airel T
e 1 37U &

(@) 25/36 (b) 36/25

(© 5/6 (d 6/5

(d)

The photocurrent generated is in the order of -

(@ ampere (b)  milliampere

(c)  microampere (d) none of the above.

IO BT &RT g P A &t & -
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Subjective Questions/fawafs Uy |

1)

Ans-

2)

Ans-
3)

Ans-

4)

Ans-

5)

Ans-

HeT-12 (ifahn

What is the phenomenon of emission of electrons
from the surface of a metal on illumination called?

fopst & YR YHBIRA ST U 39 ¥
ﬁaﬁ%ﬁzmégmﬁmaﬁmm 2

Photoelectric Effect

hIRT fage TTd

What is the rest mass of a photon?
BIEH &1 faT GoaHT= T e @ ?
zero

Two particles have equal momenta. What is the ratio
of their de-Broglie wavelengths?

S HUTT T TAT a=TaR 81T #1 37 SY-airet aan def
T 37[UTd T 7

P1=P;

ratioA;: 4, =1:1

Write Einstein’s photo-electric equation.

HTER N BT U131 - fage wfteor faw |
%mvzmﬂx =h(v—v)

Describe the laws of photoelectric effect?
pIcEmided Y9Td & fami &1 aofa &7

The laws of photoelectric effects are as below:

1. Given metal and frequency of incident radiation,
the number of photoelectrons ejected per second is
directly proportional to the intensity of the incident
light.

2. With a given metal, there exists some certain
minimum frequency of the incident radiation below
which no emission of photoelectrons takes place.
This frequency is called threshold frequency.

3. With a threshold frequency set, the maximum kinetic
energy of the emitted photoelectron is independent
of the intensity of the incident light but depends only
upon frequency (or wavelength) of the incident light.

4. The photoelectric emission is an instantaneous

(150)

6)

Ans-

process. The time lag between the incidence of
radiation and emissions of photo electrons is very
small, less than even 10 seconds.

BIcismided TITd & (99 5T UPR &
1 b T a%ma%%g

CAGIEGCERI hIRT I
T o THTTUTCT 8l 8l

BICISATC I Bl Dls 3 el eldT el T8 gl
ﬁmaaqﬁa%gmél ¥

3. TEA1ST 3171 A P ATY, 3AA T hT
31fgasay TTfdsl Hatt 3afad_UdRT & diadT
FTH I &, oifeh dbaad 3TTUfcid UahIRT &bl HTgfl
@1 T g R R et &l

. PIcISmided 3T dichlicics Ufhdl IR &l

* oo o B 3 EIeY e % e
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Write and explain Einstein’s Equation of the
Photoelectric Effect?

PBIeISHfded UHTd & TSI & GHIB0T B fad
3R s

Einstein explained the photoelectric effect on the basis
of Planck’s quantum theory, according to which light
radiation travels in the form of discrete photons. The
energy of photon is hv,

E=hV..(1)

Where ‘h’ is Planck’s constant, and ‘v’ is the frequency
of the emitted radiation.

The quantum energy provided by the photons is
partially used by the electron to overcome the molecular
attraction of the surface.

This energy is constant for a surface, and is denoted
by @. It is called the work function of a surface and is
constant for a given material.

Therefore,

The kinetic energy of a photoelectron = (energy
provided by the photon) - (energy used to come out of
the surface).

Thus the equation is given, KE. = hV - @ ...(2)
This is Einstein’s photoelectric equation.

AREH 7 Wb & adfed fagaid & IR W
BIcIgaifdged UHId I AgRAT B, Fiad AR
UH1RT fafemroT 31dd ®ied & €9 ¥ gE1 &dT &l
WIEH H3T hv &l

E=hV..(1)
S8l ‘b W fRRI® § 3Rk v 3@fEia fafesor &
g &l

e & HTUdd HTHYUT DB G DA & (U BIcH]
ERT UaH &I A aTe] gdicH Hatl ATIe §9
gHag [ GRT 399N &I ST B

g 311 Uob TdE & [y fRR §, 31 33 o gy Fefua
T 77T 81 39 fe) e o1 B e el STTdT &
37R T fm=ft feg Ty uerd & fou fRR a2l

37d: U BIcismaeid ol

AT 33Tl = (B gRT YSH & T8 3H3) - (Fds I
TR 3T & f g 39g &1 178 33l

T UHR TGO AT AT 8, KE.=hv - @ ..(2)
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7) Write properties of the Photon. dg,
BIeiH & o1 fafaul gie v <y, A1 BICISaiacd &l Plg S5aRT &l 81T
Ans- Properties of the Photon ﬁ?sllii Iy PIS BICTSAerees THTa Tl 8l
1. For a photon, all the quantum numbers are zero. afc v - v, diq &1 AT F BICT: IEIEI T &1 qTeR
2. A photon does not have any mass, charge and they FaTet fdT =T & SH ATHA H, goiare - ol 1Tt 3531
are not reflected in a magnetic and electric field. YA
3. The photon moves at the speed of light in empty gfe v s v, 0 IfasT 311 S ATY BIcIsSmaed Id8 A
space. CIAECTuL
4. During the interaction of matters with radiation, . .
radiation behaves as it is made up of small particles 9 Define work function or threshold energy (). .
called photons. & B g1 FAqeNes U511 () B aRaTfiia & |
5. Photons are virtual particles. The photon energy is  ape- Work Function or Threshold Energy ()
directly proportional to its frequency and inversely . . .
proportional to its wavelength. The minimum energy required to emlt photoelectrons
6. The momentum and energy of the photons are from a metal is called the work function of that metal.
related as given below ®=hV =hc/A,
E i pc whers o The work function is a characteristic of a given metal. If
p =magnitu €o the momentum E = energy of incident photon, then
c = speed of light
IR-  BEE 3311'UT If E < ®, there will be no photoelectric effect.
L U ICTT & Y, &t adier ey [ el &l the Kinetic energy of the emited photostectron wil
2. U BICIH BT BIg GHHH, 37TAT T&l 81d1 & 3R be zero.
eI 3% farerd & o afetfad T8t A 2l . . .
. ) If E>®, the photoelectric effect will occur with the
3. TICT Wil 57T ¥ GebRT <l 1T F Teiall & capture of kinetic energy by the emitted electron.
4. fafesRor & a1y el Bl WRER fRUT & ARM,  3z-. o1 e AT dETes TSt (@)
fafaseuT UaeR @31 & 311 I8 BIC Uil A &7 8ldl
% 5= WIeT o8l ST 8 g" i 3%” il 'a“i'%m 3 UBRT STT
] o o0 HTAYDH 8,34 &1 BT B
5. BICH 3R ©UT 81 &l B Hil sqbt FETE| o1
mgfd & g 3R gHD!I I A B
FHATUT 81t 8 @ =hV, =he/2,
6 TSI 3 T 3717 Tt T drae IR mwﬁmﬁﬁowmﬁﬁ%‘rw%lﬁb
3 fegm YT BICH BT HaT,
E = p. c 378, p = T3 &7 TR, ¢ = UGBIRT BT 1fy - ARE<o, DT qasmr-laqu T TE &l
8) Define threshold frequency (V). . qﬁmﬁﬁE =q§é’|3ﬁa—a“-—r agnﬁa Eqﬁmmwﬂénﬁ
v) B AR &1 o
&l 3R (1) . O B> @, 3T gotae gRT st Hif & ATy
Ans- Threshold frequency (V) BIcIsaided UHTd BTl
The minimum frequency of incident light or radiation  1¢) What are matter waves?
that will produce a photoelectric effect i.e. the extraction o .
of photoelectrons from the surface of a metal is known - T
as the threshold frequency for the metal. It is constant ~ Ans- Waves associated with moving particles of matter are
for a specific metal but may be different for different called de-Broglie waves or matter waves.
metals. The wavelength A of a matter-wave can be determined
If ¥ = frequency of incident photon and v, = threshold by -
frequency, then, p h
If v < v, there will be no ejection of photoelectrons and N P
hence, no photoelectric effect. where h represents Planck’s constant, and p represents
If v = v, photoelectrons are ejected from the metal the traveling particle’s momentum.
surface, in this case, the kinetic energy of the electron is . e & TR ST IS AT T Safet 9o O
zero. o
If V>V, then photoelectrons will eject from the surface Q?T‘Zf I B i
with kinetic energy T eed () 1 FerRoT fosar 317 Thdar &
MR- BT G (V) 1=
T8 g1 YehIRT AT fafehroT ol AdH 3Tqf & 511 Ueh p
“ch GHT 3 M AT &T] Y s A 5161 h o fRRIP o1 Ufaffera oar &, 3R p g
BIcIgaiaeiAl Bl BT a1 & foiy dHeTes 3qfd B3 dTed pUT I 1T bl Ufaffera a8l
& FY § 5771 5T &1 g8 U fafre arq & fau R &
s fafer emq3il & feu e &) Jahdr 8l
gfe v = ATUfad wieH o1 ATqf IR v, = 8w 3191,
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