Modern Physics-/ ﬂ—

Bl Exercise-1 |

= Marked Questions can be used as Revision Questions.

w Fifed g S arg ueE 2

PART - 1: SUBJECTIVE QUESTIONS

I - | ; QYA H® Y99 (SUBJECTIVE QUESTIONS)

Subjective Easy, only learning value problems

Section (A) : Photoelectric Effect

A
A-L.

Ans.

Sol.

A-2.

Ans:
Sol.

A-3.

Ans.
Sol.

A-4.

Ans.

(A) : w19l fage w9
When a light of wavelength 400 nm falls on a metal of workfunction 2.5 eV, what will be the maximum
magnitude of linear momentum of emitted photoelectron?

9 400 nm TR qTA BT 2.5 eV B B arel 81g R Rar & @ Saffa 89 arel wiel selag™
P IET GAT BT FABaH IRATOT ST BRI |

p2 [1.24x104

—2.5] eV=0.6 eV;P= y2x9.1x10%x0.6x1.6x10"° = 4.2 x10 -2 kg.m/s

2m | 4000
h
KEmax = TC - (I)

p2 (1.24><104

—= —25|eV=06eV ;P =y2x9.1x10* x0.6x1.6x10™° =4.2 x10 -2 kg.m/s

2m 4000

The electric field associated with a monochromatic light is given by E = Eo sin (1.2 x 105 st - kx). Find
the maximum kinetic energy of the photoelectrons when this light falls on a metal surface whose work
function is 2.0 eV

TEh o gt ¥ FHEa faga &3 E = Eo sin (1.2 x 105 1t - kx) §RT &1 S g | 519 2.0 eV &1 B
el T B A8 IR I8 TH1el RRAT © AT BIST gelagid oI fedHad ISl FHofl S1d BRI
(0.6x10"h—-2e) J = 0.48 eV

frequency of the light  U@TeT @1 JERT

- % x 1.2 x 1015 = 0.6 x 105 Hz
KE = hv — ¢ = 0.48 eV

One milliwatt of light of wavelength A = 4560 A is incident on a cesium metal surface. Calculate the
electron current liberated. Assume a quantum efficiency of n = 0.5 %. [Work function for cesium = 1.89
eV] Take hc = 12400 eV-A.

4560 A TRt arer 1 el dfe gare RifSam dag w fiRar 2 | SIfia seiagi[ aRT Siid &_1 | d&Ted

geqar 0.5 %. A1 [faq & ford s wed = 1.89 eV] he = 12400 eV-A AR |

P e
I[=n.—x—— =1.84x 106 amp TRRR
1 E “100 P
I= ixi:184x10‘6amefElTéT\’
T E "100

Suppose the wavelength of the incident light in photoelectric effect experiment is increased from 3000
A° to 3040 A°. Find the corresponding change in the stopping potential. [Take the product hc = 12.4 x
107 eV m]

AT AMURIT TBIeT B aRITeed Bl 3000 A° J 3040 A° T dgral oiral & | Rt fava & wwa uRad= sma
BRI [he =12.4 x 107 eV m]

hc dr  hc

— == x 107 =-5.5 x 1072 volt
e A 228e

st =
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Modern Physics-/ ﬂ—

Sol. Vs = h_C - ﬂ
er e
On differentiating M@®e &RA TR dVs = — h; (dr) =-5.5 x 102 volt
e
dvs = —h—CA—i” = _h_c x 107 =-5.5 x 102 volt
e A 228e

A-5.a The magnetic field at a point associated with a light wave is B = 2 x 10- Tesla sin [(3.0 x 10%° s71)t]
sin [(6.0 x 10 5 s -], If this light falls on a metal surface having a work function of 2.0 eV, what will be
the maximum kinetic energy of the photoelectrons ?
el g W yerer TR | A= g &3 B =2 x 106 (S9a) sin [(3.0 x 10%5 s71)f]
sin [(6.0 x 10 15 s ~1)t] T | IX T8 UHTY 2.0 eV BRI Hed drel 1 Fads R FRAT 81 A1 Bl soag= 3
JfFHTA TS FHoll 1 B |

2ne
Sol. B = 2 x 1076 Tesla SHaT sin [3.0 x 105 s~1){] sin [(6.0 x 105 s~1){]
1 x 106 Tesla e [cos {3.0 x 105 s71)t} — cos {(9.0 x 10 15 s1)t}]

15
maximum frequency of the wave TR &1 3ffdrhad smgfa 9 ><210
Y

maximum kinetic energy of the photoelectrons ®Iel Sidgi= &I 3MfdHTH T SHoit

15
Ans (9”0 h—2j eV = 3.93 eV

S—l

15
:{9“0 h—Zj eV =3.93eV Ans.
2ne
A-6. In an experiment on photoelectric effect, light of wavelength 800 nm (less than threshold wavelength) is

incident on a cesium plate at the rate of 5.0 W .The potential of the collector plate is made sufficiently
positive with respect to the emitter so that the current reaches its saturation value .Assuming that on the
average one of every 108 photons is able to eject a photoelectron, find the photo current in the circuit.

TEh Y fagd g9rd uRierer # 800 nm THe (JEell AR | @A) drell g fhvor Rl wie W
50 W @1 X ¥ JMUfId Bl 8| GUED ©ic & fAvd & SIuid & Aiuel 39 ISR Jaiw g¥edd @l
S ® 6 91, s 6w 99 9% Ugd 9@ | I8 A B Add 106 Bl | ¥ Ydh Wi & Biel
solde i fhTel Fdbar g | kUl | YdbTel ORI S B |

Ans : Lee A=32pA

hcx10

. P _PL
Sol.  No. of Photons ®IeIF & &I = — =—— .5
E, hc
. PL 1
no of photo electron s/s Uit VHTS BIST SAFETH B FE=AT S 1o
c
PA _ 5x800x107° x(1.6x107")

. Photo current BIel &RT = A=32uA.

.e =
hc x10° 6.63x107** x3x10°% x10°
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A-7.»# In a photoelectric effect experiment, photons of energy 5 eV are incident on the photocathode of work
function 3 eV. For photon intensity Ia = 10%® m=2 s~2, saturation current of 4.0 p A is obtained. Sketch the
variation of photocurrent ip against the anode voltage Va in the figure below for photon intensity Ia
(curve A) and I = 2 x 1015 m=2 s~1 (curve B) (in JEE graph was to be drawn in the answer sheet itself.)
THTel fagld e # 5 eV Sl arell BIEH 3 eV BRI Held dTel il dedie R IMufd B 8 | WIS &
AT 1a = 1015 m2 571, FoI AJW ORT 4.0 p A W&T B RN B | T IR ip BT TArS g Va & 1
fage &1 @ien % A o |§ BieH @) dadl [a (@5 A) IR e =2 x 1015 m2 s (9% B) & fog wiin
AT 8 | (JEE ¥ W% SR GRS § §1 gAT AT ()

8..
ip(LA) 64

44

24

-6 -4 -2 0 2 4 6

Va (volts)
Ans.
=z &/— B
A‘/‘"‘A
6 -4-2 02 4 6
V, (volts)
Sol. Maximum kinetic energy of the photoelectrons would be

Kmax =E—-W = (5-3) eV = 2eV
Therefore, the stopping potential is 2 Volt. Saturation current depends on the intensity of light incident.
When the intensity is doubled the saturation current will also become two fold. The corresponding
graphs are shown in
figure.

E 8

= 4/_
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Sol.

BIel SAdSE B AfAHTH ST ol

Kmax = E —W = (5 — 3) eV = 2eV
ac: PRI fawa 2 diee @ AW 9RT SMUfd &l @1 gl i) R a=dl 81 519 dgar g @ S
2 @ Aq< grr A g B oA | wetad e foa | it T B

ip(lle)
A\

Section (B) : Photon emission from a source and radiation pressure

oS (B) : U WId A HIeH Scdoid U9 faferor g9

B-1.

Ans.

Sol.

Intensity of sunlight falling normally on the earth surface is 1.4 x 10°W/m?. Assume that the light is
monochromatic with average wavelength 5000A and that no light is absorbed in between the sun and
the earth’s surface. The distance between the sun and the earth is 1.5 x 10'm.

(a) Calculate the number of the photons falling per second on each square meter of earth’s surface
directly below the sun.

(b) How many photons are there in each cubic meter near the earth’s surface at any instant ?

(c) How many photons does the sun emits per second ?

godl e WR TFaq R arell g4 Udre & digar 1.4 x 103W/m?2 2 | I8 A1 {6 I8 g&rer U aofl 8
Jor ofrad dwaed 5000A & don gt ofR g @ Wew g ydTe Jauifia & B 2| gedt deon g &
72 g 1.5 x 101 m B |

(@) @9 GF & 3P T 9y T ez gt wag W AR aral Bl &) 61 91d B ?

(b) T &7o7 gedft Has & U ufa #i® ¥ s wieiH g ?

() g | ufd Jpve ST B @ dw fhan g ?

4 4 4 1112
(a) N = 7%x10 =35 x 1021’ (b) %: 1.2 x 1013’ (C) 7x10 ><4TE(15><10 ) =9.9 x 1044
c hc hc
3
@n= i = 14;410 = = 3.5 x10%
E, 6.63x10™" x3x10
5000x107"°

(b) If N be the no. of photons then these photons will fall on the surface in time

(b) I N BITH & T & A1 J T4 T TR At G9F H AMfad sH

At = l
C
n= ﬁ =N.C
At
21
_n _ 3.5x10 — 12 x 1013
C 3x10°®

(c) No of photon emithed per second by the sun
I ERT Ul Adhvs IR BITH @ HE&

=n.4nr?=3.5 x 102 x 47 (1.5 x 101)2=9.9 x 10*

/\
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B-2. A parallel beam of monochromatic light of wavelength 663 nm is incident on a totally reflecting plane
mirror. The angle of incidence is 60° and the number of photons striking the mirror per second is
5 x 1019, Calculate the force exerted by the light beam on the mirror. (h = 6.63 x 10-34J.s.)
U WRTEe GO SUUT TR 663 nm TRIQE] ATl TP JUITY HHTRT BT FAMIR GOl STell Sl © | 3HTue
BT 60° B TAT U FHve TUT { THIH a1l HicH o T 5 x 1010 7 | Y01 R R aret warer g

P HIRY T dTel ol B 0T BT | (h = 6.63 x 10734).s.)
Ans. 5x10%N

Sol. = % = change of momentum of one photon x no. of photons per second = (%x 2xcos 600) x dn

F=2P =0 et & s e xR S wie A s :(%x2x00860°J o
_ 6.63x10™* N
663x10°°
B-3. A beam of white light is incident normally on a plane surface absorbing 70% of the light and reflecting
the rest. If the incident beam carries 30 W of power, find the force exerted by it on the surface.
YA FBIR BT Yol Ofd o gad wU A VP THad das IR FRAl § 1 g8 dd8 70% BT DI RN Bl

2 AT AY YBII Bl GRIafd P o) & | TR Fdg W IMufad THhre &1 ofed 30 W B ol 39 gRI a8
UR Y U gl DT A sy 7

2><%><(5><1019):5x10—8N

Ans.  13%30 5 3.007N
3x10
Sol.  change in momentum Hd7 # gRadH
AP=07x 1 +2x03x 1
A A
=13 P 1.3 x i8:1.3><10—7N.
c 3x10

B-4.= A sodium lamp of power 10 W is emitting photons of wavelength 590 nm. Assuming that 60% of the
consumed energy is converted into light, find the number of photons emitted per second by the lamp.

10 W 3ifdd &1 9ifead oFg 590 nm aRieed &1 Bied Ifoid &) I8 2| o I Ufd davs Scaford
B9 Il BISH & ST 3d BRI | I8 91 fb 60% SuHTT SHoiit gbrer | gRafdd sl 2|
354x107®

Ans. == " =177 x10%
hc
Sol.  Power consumed = 10 W U9 SR = 10W
Power emitted = 0.6 x 10W = 6W Scafoid wifdd = 0.6 x 10W = 6W

Power emitted
energy of each photon

Number of photons emitted per second =

fd Jpvs IRTT Bieg & G- =
TP BICH B Holl
- 6 = 177X 10%
(6.63><10’34)><(X7?9
590x10
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Section (C) : de-Broglie wave length

GUg (C) : SI ATl T

C-1.  Photoelectrons are liberated by ultraviolet light of wavelength 3000 A from a metallic surface for which
the photoelectric threshold wavelength is 4000 A. Calculate the de Broglie wavelength of electrons

emitted with maximum kinetic energy.
4000 A yarer g <Eell qRIeed B grg das 9 3000 A dRIed B R fBRUI gRT WISl seldgid

IRTT B B | e TS Sofl dTel ScAfid Sordeil &1 ) sivel) avireed siTd BRI
_ \/ haig, _ [6x107h
Ad = =
2me.(hy, -2) | mec
Sol.  Maximum K.E. of the electron SaagiF @1 AfHAH SHoll e = Ex —¢

Ans. m=12.08 A

he e
A Ay,
L4 = de—broglie wavelength,  SI—-a1Tell dREd
h_ h h
P yamE omhe. ke =%
Ay,

e hoiyg,

2mc.(Ay, —A)
=12.08 A,

C-2. Two identical nonrelativistic particles move at right angles to each other, possessing de-Broglie
wavelengths, A1 & A2. Find the de-Broglie wavelength of each particle in the frame of their centre of
mass.

31 T AT T R ¥ IRIGE HU IR FHHI TR A HId 8 qAT I I FRTell dReed A T A2 B |
TP SIAM B8 @ Mo TF & AUE TIPS B DI S FNTel RIS [ BRI?
Z

«f Ao+ A2

Ans. A=

P

Sol. P,
Let P, and P, be the momenta of the two particles.
A P, A1 P, I BU & HIT 7
The velocity of the centre of mass T B BT A9
- P +P,
cm = 2m
Hence, momentum of particle 1 in c.m. frame  3[d: STAM & WH A HU 1 BT AT
|511 = m(\71 - vcm)
m|51+|32 _ P, +P,
2m 2
B | = %\/Pf +P2 —2PP, cos90°

= mv, —

h 1 9,
— =77z + Y = L —=
A2\ A «f?uf +A2
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Section (D) : Bohr’s Theory for hydrogen, hydrogen like atoms (properties)

@Ug (D) : TIFRIoM, BRSO oY TRATS & ford aew figm

D-1.

Ans.
Sol.

D-2.

Ans .

Sol.

D-3.&

Ans.
Sol.

D-4.

Find the numerical value of de-Broglie wavelength of an electron in the 1%t orbit of hydrogen atom
assuming Bohr's atomic model. You can use standard values of the constants. Leave your answer in
terms of .

IR B WA URRT B AR EIEsie URATY B UeM wel H Red gelag @ S dnTel
T BT GATHD A A4 PRI | 9 ReRiH & A5 A1 Ugdd $N | 3T IcR $I ReRib 'n' & Ual
H ford |

A =2nr=2nx0529 A=1.058 A

A =2nr=2nx0529 A=1.058n A

Find the radius and energy of a He* ion in the states (a) n =2, (b) n = 3.
He* 3mae @1 f3sam g 3ol 91 W1 § §d &_1 1 (@) n =2, (b) n = 3.
2

(@) r = 0.529 x 5 = 1.058 A

22
E=-136 x5 =-13.6eV
2

2
(b) r = 0.529 x 3? =238 A

22
E =-13.6 x 7 =—6.04eV.
r=0.529;
2
(@r(n=2)=0.529 x 27 =1.058 A
2
E(n=2)=-13.6 x 2—2 =-13.6 eV

2

(b)r(n=3)=0.529 xS = 2.38 A

2

E(n=3):—13.6><2—2 =—6.04 eV.
3

A positive hydrogen like ion having electron at its ground state ejects it, if a photon of wavelength 228 A
or less is absorbed by it. Identify the ion.
TS gCHD BIgQIoM & A A 9 U1 o 3faReqT H $oldg™ 8, Soldgl™ Scafoid dxdl @, dia I8

228A g1 ®H AR e BT Bl JGNT HRAT B | AT UgHAN

He+1
BE of last electron 3if<dH Soide™ &1 §89 ol
4
E=13.6><Zz=h—c = Z2= Mz4 =7=2
A 13.6x228

Find the temperature at which the average kinetic energy of the molecules of hydrogen equals the
binding energy of its electron in ground state, assuming average kinetic energy of hydrogen gas

molecule = ng .

Jg d19 S B KT WRBTSSIeE S7Ush @l shd S ol o ofaRel § $Hd goldgid & g ol
%W%lﬂ%ﬂﬁﬁ%ﬁ@ﬁﬁﬂ?ﬁﬂaﬁaﬁaﬁwnﬁangﬂ

2E,

K=T="p =1.05 x 10°K

/\
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Sol.

D-5.

Ans.

Sol.

1.5KT =13.6 eV

-19
1o 13.6x1.6x10_23 K =1.05 x 105 K
1.5x1.38x10

A monochromatic light source of frequency v illuminates a metallic surface and ejects photoelectrons.
The photoelectrons having maximum energy are just able to ionize the hydrogen atoms in ground state.

When the whole experiment is repeated with incident radiations of frequency (gjv the photoelectrons

so emitted are able to excite the hydrogen atom which then emits a radiation of wavelength of 1215 A.
Find the frequency v.
v AGRY Tell T quiig Uil S oid 81 dag ) RAr g @1 ®Iel soag= Scaroid Sl © | Scaford

BICl SIagd DI ANHTH FHoll, T JILAT Il BTgSIo URATY & A & ford 3P 9d< 2| o9 T
TRIETT GaART [%jv IMIRT el TR & ufad fAfvor & T JERm S 7 A i BIegadag i

BIERIGH WRATY G 1 IO ST 8 Sl 1215 A TR arell ffdvor Scaffa w=ar €1 mgRi v =
B |

L= 9{13.6e -
h

hc x10%

= 5x10'° Hz,
1215

Kymax = Maximum K.E. of ejected electron in first case %o Reffer # Seafsla goldgi=i &1 siferbes TfersT
Sl =13.6 eV
B, =9+ Kimax
= hv=¢+13.6ev. ... 0]
5
szaX: El_d): h gl)—d)
5 ..
= Sho—(v-136eV) ... (ii)
The energy of radiation of A = 1215 A is A =1215 A& fafezor & ot
12400 eV =10.2eV
1215
This is the energy of the e~ Tg goIagl B ol §

10.2eV = —h?o+l3.6eV

, - (13.6-10.2)x6eV
h

=5 x 10 Hz.

Section (E) : Electronic Transition in the H/H-Like atom/Species & Effect of motion of

Nucleus

@S (E) : STSRIG/BISRIo oY URAY ¥ Feidgid GhHvl a1 F1ffe & I &1 9919

E-1.

ANs:
Sol.

Find the smallest wavelength in emission spectra of (a) hydrogen, (b) He *
71 & IS Wagd ¥ gAad aieed 9aigd (a) ggsie (b) He *

(&) 91 nm (b) 23 nm

The smallest wavelength corresponds to transition fromn=1to n = o.
N=1% n=oco TAHA & AT FAqH TRIQeA

4
(8) AE=13.6 eV = L = %A:gn A =091 nm.

(b) AE = 13.6 x 22 ev

4
= 124X100 & _ 508 A =231m.
13.6x4

/\
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E-2.

Sol.

E-3.=

Ans.
Sol.

E-4.

ANs:
Sol.

Calculate the angular frequency of revolution of an electron occupying the second Bohr orbit of He* ion.

He* M & GO d1eR $& # SURYA Solagid & Idhs o1 By IMghy qargd |
2 6 2

Vo z o 21900 Z ;57 %1005

f, N 0.529x10 n

v =2.19 x 106 x Em/sec
n
2

r=0529 x 1010 x U m On putting values WM Y@ R,
z

6 2
X = L]-O%XZT: 2'07 X 1016 S—l
r 0.529x10 n
Find the quantum number n corresponding to the excited state of He* ion, if on transition to the ground
state that ion emits two photons in succession with wave lengths 108.5 and 30.4 nm.
He* 3MF &1 STl AR & WA JaicH W&l n a1, Ifa I o 37T § Hhi & fordy a
108.5 3R 30.4 nm TR dTel HAR BICH ScAfoid BT & |
n=>5
Total energy of radiation faf&Ror &1 Exl ol

E= h_C+h_C
7\‘1 7\‘2

13.6 x 4 x 1_i2 _ ﬂ+124o oV
n 1085 304

11

x 52.22

n’ 13.6x4
n=>=5.
Consider a gas of hydrogen like ions in an excited state A. It emits photons having wavelength equal to
the wavelength of the first line of the Lyman series together with photons of five other wavelengths.
Identify the gas and find the principal quantum number of the state A.
fod) SUfTd WX A ¥ ssiod GEH A @1 I R =R HINN | I8 osaT S #) gl @ B
R TS AT BISH Ud g aRied dTel BIeHl & 1Y Iafoid del 8 | 19 &1 ugaif=y qen
R A D & FIcH G a1y |
He* 4,
Since there are six transition
IfF B: FHAT B
"C2 =6 = n=4
since one of the photons matches with first line of lyman series

9% TF Biem argad Soft B verd Y@ 9 Hey 2 |

13.6(1—lj =13622| L L
4 nl I’]2

i 1 (1 1
72 (22)2 ”12 nz2

since n cannot be more than 4, hence

fr I8 IR | AWF T B FhT 31
=2

The ion is 3= He* &

/\
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E-5. A stationary hydrogen atom emits a photon corresponding to first line of the Lyman series. What
velocity does the atom acquire ?

U ReR BESIoM WRATY dgAq Aol &1 Ugell Y@ & | BicH Icafoid HRAT 8 | URATY BT I a1

B ?
Ans. E.i:m =3.25m/s
cm 4cm

Sol.  Energy of the first line in Lyman series @ga= S1ofl § e X@1 @) ol
E =13.6 x [1—%} eV =10.2eV

-19
= _102x16x107 o 305 s,

1
m  3x10°x1.67x10%

velocity of atoms TRATY] T a7 = 2 = E
m c

E-6.= From the condition of the foregoing problem, find how much (in %) the energy of the emitted photon
differs from the energy of the corresponding transition in a hydrogen atom.
SWIE U & JIAR A DG, IcAfSId BISH DI Holl sgsiod WA H FIG FHAT B SHoll d
fea (% ) faer 82

Ans. (E—EE) x 100 = 0.55 x 106 %

v O~

Sol. photon
From momentum conservation GJ TR&0 |

From energy consideration Soll ARETT |
_ 1 (1.67x107%")x(3.25)

5 L6x10-"° ev=55x108ev
.0 X

En = 1mV2
2

% change in energy Suff aRade = EH x 100

_ 55x107°
10.2

x 100 = 0.55 x 105 %

E-7.  Consider a gas consisting Li*? (which is hydrogen like ion).
(a) Find the wavelength of radiation required to excite the electron in Li** from n = 1 and n = 3.
(lonisation energy of the hydrogen atom equals 13.6 eV).
(b) How many spectral lines are observed in the emission spectrum of the above excited system ?

T N H fy mafaa farfdem o N wssIo @ A 8, e wRATY] Hid 38 |

(@) Li** M9 & Solagid ®l Ugel 9 (IR d1gX ®& ddb Sl @ (o Aaedd fAfdRr &1 aRieed 9argd
(BTSQISTT URATY] & I SHoli13.6 eV 8 )

(b) SWRIFT U P & Ioi WaeH # fhadl Wagd Y@ fe@rft < |

Ans. (@) —1C -1137A (b)3
13.6x8e

Sol. (a) AE =13.6 x 32 x G—i] eV=136x8eV

32
AE 13.6x8
(b) no. of spectral lines WdH @3l H F&1 ="C,
=3%c,=3.
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Modern Physics-/ ﬂ—

E-8.

AnNs:

Sol.

A free atom of iron emits a photon of energy 6.4 keV. Then find the recoil kinetic energy of the atom.
(Take mass of iron atom = 9.3 x 10-26 kg).

JIe BT Jad URATY 6.4 keV SHoll BT BIcid Scafoid dRdl 8 | AY URAY] &1 yfdfara aifrst Sofl simd & |
(e & TP WA BT 9 = 9.3 x 1026 kg)
3 2
Krecoil = 6.4x10"e X ! %% J=39x10-%eV
C 2x(9.3x10°)

Momentum of recoiling atom  Hfcfare 9=HATY] &1 Fa
= momentum of the photon BISH BT FIT

_E

c

R | R R A
K.E. of recoiling atom = _ =
g 2m  2mc?
_ 6.4x10°x1.6 ) 1
- 8 X 26 J
3x10 2%x(9.3x10™)

= 0.63 x 1022 = 3.9x10%eV.

Section (F) : Atomic Collisions
@Ug (F) : IHIVEGRT SFh (HEce)

F-1.= At what minimum kinetic energy must a hydrogen atom move for its inelastic headon collision with

Ans.

Sol.

another stationary hydrogen atom so that one of them emits a photon? Both atoms are supposed to be
in the ground state prior to the collision.

TSRO URAT] & <JAqH TRl Hoil a1 B a1ty 799 98 gk ReRr Sgsiod WA 9 9wj@
YR TIHY PR G § § P T URATY BISH I B Fd | Q1 URATY] IR | U8l o
aaen § AN |

Tmin = %Z 10.2 =20.4 eV

The loss in kinetic energy should be 10.2 eV so that the hydrogen atom may be excited to first excited
state. For minimum kinetic energy case, the two atoms will move together.

BISRIOM & UIA Iford aeel § M & fog 10.2 eV @1 7Ifdat St 81 Aifie 7 | =gAa4 fast St &
ARV & I A &1 URATY] |1 TR B |

mvo=(m+m)v =>V=Vvo/2
2
loss in kinetic energy Tfast Soit #§ &1f = %mvo2 - % (2m) (V?OJ

10.2eV = % mvo? = l.T

SN

s T=2x102eV=204eV

Section (G) : X-rays
@Ug (G) : X-fproi

G-1.

Ans.

Sol.

Find the cutoff wavelength for the continuous X-rays coming from an X-ray tube operating at 40 kV.

& X-fror Aferan, 4 w40 kv fava Rt B, 9 Meeq arell (Faq) « X-faxor & ford gl e
1 BT ?

n= 1 m=31.05 pm
40x10°e

=1 m=31.05pm
40x10°e

/\
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Modern Physics-/ ﬂ—

G-2.

Ans:

Sol.

G-3.

Ans:

Sol.

G-4.

Ans.

Sol.

If the operating potential in an X -ray tube is increased by 0.1%, by what percentage does the cutoff
wavelength decrease?

g X -foxor Afera, 9 RG99 0.1% 9 9¢1 fean 9 a1 S8l a¥veed faval ufcera &9 gl ?
approximately 0.1% THT 0.1%

Acut off = h_C
eV
AA AV

N
= % decrease in cut off wavelength 30® TRITQed H % HH = 0.1%.

On increasing the operating voltage in an x-ray tube to 1.5 times, the shortest wavelength decreases by
26 pm. Find the original value of operating voltage.

afe X fovor aferd R sRieR five arafas 79 &1 1.5 T &) & 9, @1 8id) aoesd 26 pm d®
e Ol B | SRIGR) fava &1 arafds A7 sa ) |

vi= e v=159kv
1.5e(A, +26x107)
KE = h_C
)\‘min
Amin = h_C
KE
Mm—A2=1.24 x 104 1— L °A
v 1:5v
26 x102=1.24 x 104 x i
3V
4
_ 124x10° oo qgey
3x26x10

An X-ray tube operates at 20 kV. Suppose the electron converts 70% of its energy into a photon at
each collision. Find the lowest three wavelength emitted from the tube. Neglect the energy imparted to
the atom with which the electron collides.

T X-fhvor FfeTht 20 kV IR &I &Rl 8 | AT Soldel YD cadhbr | (T SHoll bl 70% il e |
uRafld ®rar 8| AfcrdT gR1 I FAqH A9 TRAee] Id18d | Selgg™ &l URAY] & A1 IR |
WRATY Pl & T HSl AT0F A |

=—— 1 _ggspm, = _he = 295.6 pm,
2010° x (0.7)e 20x10° x(0.7x0.3)e
_ e __=985.6 pm,
20x10° x0.7x(0.3)°e
=M _ggepm. = _he = 295.6 pm,
20x10° x (0.7)e 20x10° x(0.7x0.3)e
Aa he = 985.6 pm,

~ 20x10° x0.7x(0.3)%e
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Modern Physics-/ ﬂ—

G-5.=# Figure shows the variation of frequency of a characteristic x-ray and atomic number.

Ans
Sol.

G-6.

Ans.

Sol.

G-7.

AnNs.

(i) Name the characteristic x-ray

(i) Find the energy of photon emitted when this x-ray is emitted by a metal having z = 101.
fora # afirenerfores x-fosvor @ amafay den u=ATY] wHIG @ fEe gt T § -

(i) rfAeTerfOres x-fvor &1 M qarei—

(ii) 519 T8 x-fxo1 z = 101 91N 1 | I Bl &, AT ScAfTd BICH B Holl smd B |

T
v /
N /
E z—
0) Ka (i) 102 keV.
From graph y=K(z-1)? where K is constant
6 A y=K(z - 1)2 STt K forad 71
\F =a(z-1) a= \ilE
we get 8 UTW &_d & b=1
So 3 its Ka — x-ray TE Ko — x-foxor 2

Energy of photon BIEH &I il = 13.6 x (z — b)?
For®d falg Ko m=1
n=2

E = 13.6 x (100)2 [i—iz

n2

2
1

J: 102 KeV Ans.

Find the wavelength of the K line in copper (Z = 29), if the wave length of the Kq line in iron (Z = 26) is
known to be equal to 193 pm. (Take b = 1) _

Il AR (Z = 26) BT Ko ¥ BT axviqed 193 pm &1 @1 Al (Z =29 ) BT K, I Bl aeed F1d I |

2
A= &_1 193 pm =154 pm
29-1
1 1 1
Z=REZ-bR | ==
o )(12 22]
apply this equation we get, 39 FHIGIU BT SYART B TR EF YT B

2
p=| 2871 103 pm = 154 pm
29-1

A hydrogen like atom (atomic number Z) is in a higher excited state of quantum number n. This excited
atom can make a transition to the first excited state by successively emitting two photons of energies
10.20 eV & 17.00 eV respectively. Alternatively, the atom from the same excited state can make a
transition to the second excited state by sucessively emitting two photons of energies 4.25 eV & 5.95
eV respectively. Determine the values of n & Z. (lonization energy of hydrogen atom = 13.6 eV)

TS BIESIOM & F99 URATY] (GRATY] 6T Z) FTCH W81 n el Sod Sfold &R R 8| I8 Suford
URATY] HHY: 10.20 eV g 17.00 eV Haisl & & HiHd BIeH Idoid R FIH KNG WR TP FaR0l
PR FHAT 3| THD AAE AN IAOd WR A I8 WA HA: 4.25 eV T 5.95 eV & 31 e WerH
I wR fgda SURNTT R dF FaR0 &R GHdl 81 nd Z & A o 1| (@TSgior WA al
JMINHIT Hoft = 13.6 eV)

n=6,2=3
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Modern Physics-/

Sol. From the given conditions :

En—E2=(10.2 + 17)eV = 27.2 eV.
and GATEn — Es = (4.25 + 5.95) eV =10.2 eV
Equations (i) — (ii) gives.

o (i) - (i) |
Es—E>=17.0eV

or i

=
=
or

1 1
4

72 (13.6) (——5) =17.0

72(13.6)(5/36) = 17.0

Z2=9.
Z=3.

& 3 Rerfd & forg

G-8.»

Ans.

Sol.

From equation (i) , o (i) &

72 (13.6) (i—ij =27.2

4 n?
or i (3)2 (13.6) (E—iz] =27.2.
4 n
or Il (l—izj =0.222
4 n
1
or Il — = 0.0278.
n
or a1 n2 = 36.
n=a6.

Characteristic X-rays of frequency 4.2 x 10® Hz are emitted from a metal due to transition from
L- to K-shell. Find the atomic number of the metal using Moseley’s law. Take Rydberg constant

R=1.1x10"m™.

T TP O W LW K BeT H AR Bl 8 Al 4.2 x 1018 Hz gy arell affenenftrs X fevor scafsia
B B | Aretel M &1 ST dRe IRAT] B o B | Reat e R=1.1 x 107 mL o |

42
AE = hv = Rhc (z - b)? (iz—iz]
nl n2
For K-series b=1 K-soft & fag b=1
v=Rc (z-1)? [iz—iz}
nl n2

Substituting the values a9 uft fid &=" W

4.2 x 1018 = (1.1x 107) (3 x 108) (z — 1)2 G_l

(z-1)2=1697
or z—1 41lorz=42
n,= 2 L
AE
n=1 s K
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Modern Physics-/ ﬂ—

Section (H) : for JEE Main
og (H) : JEE Main @ fo1g

H-1.

Sol.

An electron beam of energy 10 KeV is incident on metallic foil. If the interatomic distance is 0.55A . Find
the angle of diffraction.

TEH 97 B T W U solagd ol RRar & fdat o1t 10 KeV & 1 afs |1 wAmsi & 9= 1 0.55A
@1 faads &1 BT gAY |
12.27 12.27

) = Dsin and 9T A= == A so 3@ === =Dsin
o N N o
-10
1227107 () 55410 sing
\/10><103
sin¢ = 1227 59931 or ¢ = sin"1(0.2231) ~ 12.89°
0.53 x100

PART -1l : ONLY ONE OPTION CORRECT TYPE

U - || : $ad Y& Fe! fddhed YBR (ONLY ONE OPTION CORRECT TYPE)

Single Choice Objective, straight concept/formula oriented
Section (A) : Photoelectric Effects

Qug (A) : TS fIga g9

A-1.

Sol

A-2.

Sol.

In a photoelectric experiment, if stopping potential is applied, then photocurrent becomes zero. This
means that :

(A) the emission of photoelectrons is stopped

(B*) the photoelectrons are emitted but are reabsorbed by the emitter metal

(C) the photoelectrons are accumulated near the collector plate

(D) the photoelectrons are dispersed from the sides of the apparatus.

U YpTel faggd uwrea gam W Ife FRIE fava o € O 9T 9RT Y 81 WK | g9l 3 © &
(A) BT FAFEIT BT IS Bb 1T 2 |

(B*) BIC] Soidni ScAfd 8l 38 & URg Sciuid g1g gRT J7: 3aenfid 8 o 2 |

(C) BITT ST TUTED ©ic B UTd Udhf3d & oI & |

(D) BTl AT SUBRY B PRI | d1&R fAbel o B |

Emission of photo electron is independent of external factor. It depends only on the nature of the
material and wavelength of incident light
BIe] Sag[ H Schui 9ed RO W R T8 3| 98 dHad Ul & UHiad 9 Smufid Udrer @l

TReed wR B AR BRar B

If the frequency of light in a photoelectric experiment is doubled then maximum Kkinetic energy of
photoelectron

(A) be doubled (B) be halved

(C*) become more than double (D) become less than double

IS YT g g9ma YA H UHTRT &1 AGRT BT GIAT BN Al BicTgldgid bl A&Had st Holl
(A) TN B STg (B) 3meht &1 gt

(C* I & e 81 SIee (D) ST & A & I

Einstein's formula G B g
Kmax1 = €Vi+ ¢

if frequency is doubled, af& JART YT @ MY

Kmax2=€Vz + ¢ > 2 Kmax1
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Modern Physics-/ ﬂ—

A-3.». Two separate monochromatic light beams A and B of the same intensity (energy per unit area per unit

Sol.

A-4.

Sol.

time) are falling normally on a unit area of a metallic surface. Their wavelength are Aa and Ais
respectively. Assuming that all the incident light is used in ejecting the photoelectrons, the ratio of the
number of photoelectrons from beam A to that from B is

A gl @ Q1 AT T b gofl Uhrel Yol A G B H Bl o1 g B PR &FABA WR Ao
AT B B | 3T O’ Q& A Aa AR Ag B | I AR & MU qRT USRT Wiel Solagd Sio &
P A 8, Yo AT B ¥ I Bl Soldgi=l &I AT BT U 2 |

2 2
) [’“—] ®) ["—j © (’“—] D) (x—]
}"B }\’A }"B 7\‘A
The number of photo electron depends on the number of photons

B! SAdSl B &I B B G ) iR Bl 21
I Al
o A

hc/i hc

Number of photon ®IEH &1 Gl =

Ratio of no. of Photoelectrons ®Iel Seiagi & A& & U = ;‘—A
B

Which one of the following graphs in figure shows the variation of photoelectric current (1) with voltage
(V) between the electrodes in a photoelectric cell ?

!
I f I
(A%) (B)
0 v— 0 v—
f f
I I
©) (D)
0 y— 0 y—
1 3§ 9§ B I Wil fIgd 99 @ solagiel & W Uer fagd O (1) Je fava (V) & d= aRads
SR € |
! !
I f I
(A%) (B)
07— 07—
f !
I I
©) (D)
0 y— 0 y—
Experimental obervation. rANfd Nefor
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Modern Physics-/ ﬂ—

A-5.

Sol.

A-6.

Sol.

A-7.

Sol.

A-8.

Ans.

Sol.

When a centimetre thick surface is illuminated with light of wavelength A, the stopping potential is V.
When the same surface is illuminated by light of wavelength 2, the stopping potential is V/3. The
threshold wavelength for the surface is :

4, . 8
(A) = (B*) 4 1 (C)6 1 (D) 3

59 T I A1 Fdg Bl A TR dTel GBI | USRI dRd & a PR R{vyg v 2| ST gEE dag B
2), AR ATl UBTA A UHIE a2 a AR fawa Vi3 € | Iag &1 Qgel v o 2 |

4 . 8k
A (B*) 41 (C) 6% ®) 3
hC _ . hC _ ev .
T_q)+ev (i) Z_¢+ 3 ...(i)
3-ii—i
3 he _ _ hc
:‘[5‘07 Sk =em
oo hh = 4A

The anode plate in an experiment on photoelectric effect is kept vertically above the cathode plate.
Light source is put on and a saturation photocurrent is recorded. An electric field is switched on which
has vertically downward direction

(A) The photocurrent will increase (B*) The kinetic energy of the electrons will increase
(C) The stopping potential will decrease (D) The threshold wavelength will increase

TS JhTel fIega uHma oA # VTS ©ie Bl DAlS ®ic & $HUR HEIER & o | BRI S DI A1 B
2 3R G g o1 U FRd 2| Ue g &3 off Iwier A @) 3R B, B A B B

(A) UBTET TRT TSI (B*) SoIae il & TIfast Soil g it

(C) PRI fawa wewm (D) STl @R <&d geht

The electrons will get accelerated in the electric field. Hence, kinetic energy will increase.

soiagt fagd &% § @R 8| s i Sotf 937 |

The maximum kinetic energy of photoelectrons emitted from a surface when photons of energy 6 eV fall
on itis 4 eV. The stopping potential is :

19 6 eV Fufl drel BIeH el Aag IR FRA & 79 91g &1 98 9 Icqroid BIel golagd $1 Afddhad
TSt Sott 4 eV R, @ PRI v g

(A) 2V (B*) 4V (C) 6V (D) 10V

Stopping potential = maximum kinetic energy of e = 4V.

RN favg = soiaea @1 1f¥day TIfasT Soff = 4V.

Ultraviolet light of wavelength 300 nm and intensity 1 W/m?2 falls on the surface of a photosensitive
material. If one percent of the incident photons produce photoelectrons then the number of
photoelectrons emitted per second from an area of 1 cm? of the surface is nearly

TP YpTel GUE! uered @1 Fag W 300 nm TRASE TE 1 W/m2 Jiadl BT ORI YRl arafad el 2 |
Ife JAMUfIT BIEF &1 Th FRISd Biel Soidel Scafid ®Rdl 8, 99 a8 & dc 1 cm? 89%d 9 ufd

AhUS I Bl STl S T H¥dl Bfi—

(A) 1.51 x 1013 (B*) 1.51 x 1012 (C) 4.12 x 1013 (D) 2.13 x 101
(B)
(1A) _Nnc
100 &
1x1074 Nk 12400 e 1o
100 3000

N = 1.5 x 1012 (approx < T4)
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Modern Physics-/ ﬂ—

Section (B) : Photon Emission from a source and radiation pressure

oS (B) : U GId A HIeH Scquid q fafdvor g9

B-1.

Sol.

A photon of light enters a block of glass after travelling through vacuum. The energy of the photon on
entering the glass block

(A) increases because its associated wavelength decreases

(B) Decreases because the speed of the radiation decreases

(C) Stays the same because the speed of the radiation and the associated wavelength do not change
(D*) Stays the same because the frequency of the radiation does not change

UHTe P Uh HicH Faid § dodl goT U Hid & i § Jd% &Rdl © | Id & <id d Ja% IR W
BISH B Holl

(A) TN Fife s Tafa s gt |

(B) Tt wiifes fafewor &) =mer 'l |

(C) T = Fife faferor 3 arar iR Fwfd axoeed T8 Igerdl 2 |

(D*) |9 & B Fifd fafewor o smgfy w8 aerh 21

Frequency of light does not change with medium.

YHTY BT G A1ed9 981 R T8l Igaled!

Section (C) : de-Broglie waves

g (C) : I Aol R

C-1.

Sol.

C-2.

Sol.

The energy of a photon of frequency v is E = hv and the momentum of a photon of wavelength A is p =
h/L. From this statement one may conclude that the wave velocity of light is equal to :

(A) 3 x 108 ms™ (B¥) % (C)Ep (D) (Ej

v AR aTel BISH &I Holl E = hy § T A TR dTel BISH &1 A p = h/A 2| 39 $2F A Ig iy
BT ST Fdar & fb YT dRI BT 99 SRR 2—

(A) 3 x 108 ms™ (B*) % (C)Ep (D) (%)

The de Broglie wavelength of an electron moving with a velocity 1.5 x 108 ms™ is equal to that of a
photon. The ratio of the kinetic energy of the electron to that of the energy of photon is (apply non
relativistic formula for electron) :

(M) 2 (B) 4 © 3 ©) 5

1.5x 108 mst ¥ 7T PR B SIS DI Sl Sl aIeed BIed b aRI6R © | Soideid d el ol q
BICH B Foll HT UM & | ( SIanid & oY amefas & g3 &1 SUANT I |)

1 1
A) 2 B) 4 ot D L
(A) (B) ©) 3 ©9 5
h
A= —
4 my
_ 5 _ hc o __p® _hv
E, = energy of photon BIEH &1 &l = Tand energy of TAT SR DI Holl e Sy
hv
i i = 21
The required ratio 3Ta¥gd IJJUIT = . hc ~ 2
n
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Modern Physics-/ ﬂ—

C-3.=» A particle of mass M at rest decays into two particles of masses m; and m, having non zero velocities.

Sol

Sol.

C-5.

Sol.

C-6.

Sol.

The ratio of the de Broglie wavelengths of the particles, A,/A, is :
M Sga BT ReR &0 m, @ m, S| & &1 ghel H fq9ad & Sral € A1 $9b1 9 Y AL € | HUl
B S—FITel TRl BT AT AT A/h, B

) Do ®) 1z (CcH1:1 (D) ﬁ
m2 ml ml

}L:E
p

Since the momenta of the two particles are equal, A are same.

9fd I BN BT FIT oI B 3fch: 59b A W o B |

Let p and E denote the linear momentum and the energy of a photon. For another photon of smaller
wavelength (in same medium)

(A*) both p and E increase (B) p increases and E decreases

(C) p decreases and E increases (D) both p and E decreases

AT p TAT E BICH & &I FI9 Tl SHoll Bl Fdd B © | g e & 3 BieH $ foy (F94
H1egH W)

(A*) TIF p R E 934 & (B) p 9gal & 4T E cal ®
(C) p Ucdl & I E 98T & (D) I p 3R E Ted &
ngp= M andg =
Applying p = k and E .
WWT\’p:% aaﬂE:hTC

If A decreases E and p increases.

Ifg A Tedar 8 @ E @M1 p 9ed B |

The de Broglie wavelength of a neutron correspoding to root mean square speed at 927°C is L. What
will be the de Broglie wavelength of the neutron correspoding to root mean square speed at 27°C?

(A) % (B) A (CH 2 (D) 4 A

T A & ATA B WA 927°C R FgA B S—NTell a4 g | T 71y o A & GG 27°C W
S B -l aReed 8 —

(A) % (B) % (C* 22 (D) 4 &

K.E. of neutron E = %kT SIS B TSl Holl E = %kT

}\‘:E: h = h

¢ p «/2mE_\/ 3

2mx —KT
2

N Y (927+273) _,,,
\] 27+273

The wavelength A of de Broglie waves associated with an electron (mass m, charge e) accelerated
through a potential difference of V is given by (h is Planck’s constant) :

(A) % = himV (B) . = h/2 meV (C) A = h/meV (D*) A = h/\2meV
Vv fava & @Ra goiag= (S m, 1TJY e) § FHfd S—giell a¥veed A d & Ol & (h @i adia)
(A) A =h/mV (B) A = h/2 meV (C) A = h/JymeV (D*) & = h/{2meV
(D) A= E = h = h
P J2mK +/2meV

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
| Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 200 2244 | CIN: U80302RJ2007PLC024029 ADVMP - 19



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Modern Physics-/ ﬂ—

Section (D) : Bohr’s atomic model of H-atom & H-Like species (Properties)

G’U@;

Ans.

Sol.

D-2.x=

Sol.

D-3.

Sol.

(D) : BTggIoM, EgRio oid ARl & ford dex Rigr=a (T[orersd)

If ao is the Bohr radius, the radius of the n = 2 electronic orbit in triply ionized beryllium is -

(A) 4ao0 (B*) ao (C) an/4 (D) ao/16
Ife a0 1R FBrowr B a1 B smafaa IRferm & o n=2 &e1 & 3= & -
(A) 4ao (B¥) ao (C) adl4 (D) a0/16
B
n? 22
=ap — =ao. —=ao
4

Consider 2 hydrogen like ions A and B. lonization energy of A is greater than that of B. Letr, u, E and L
represent the radius of the orbit, speed of the electron, energy of the atom and orbital angular
momentum of the electron respectively. In ground state:

(A)ra>rs (B*) ua > us (C)Ea>Es (D) La > Ls
BIZSIo Wi a1 3 A dl B R AR #IRT | A B a1 Sl essiod 99 3 399 B I 31fded
2| A r, u, E QAT L A9 $E B 1, golagd B ATd, IRATY] DI Holl AR Seide & Helg o
HIT B USRI A 8 | o1 ofa=e H

(A)ra>rs (B*) ua > us (C)Ea>Es (D) La > Ls

AE = ionization energy 3= ot

=13.6 x 22 eV
AE,>AE, = Z,>Z,
L:m
2n
L L
22
E = energy of the orbit ®&/® 1 FHofl E o — =
n
E,<Eg
uo —
n
U, > Ug
n2
ro —
Z
rA<I’B.

Which energy state of doubly ionized lithium (Li**) has the same energy as that of the ground state of
hydrogen ? Given Z for lithium = 3 :

An=1 B)yn=2 (CYn=3 (D)n=4

fg smafia foferm (LitY) o @ e Soll dd &1 ol slgsiod & o aeel § SHoll & F9H9 8 7
e 2 fafew & forw 2=3:

(A)n=1 B)yn=2 (C*Yn=3 (D)n=4
En (Li%*) = E1 (H)
2
= —1363— ——136x%
= n=3
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Modern Physics-/ ﬂ—

D-4.= In Bohr's model of hydrogen atom, the centripetal force is provided by the Coulomb attraction between
the proton and the electron. If a, is the radius of the ground state orbit, m is the mass and e the charge

of an electron and ¢, is the vacuum permittivity, the speed of the electron is :

e e 1/47550a0m
A B) —— C*) —— D) Y ——
(A) zero (B) ram (€ Gream (D) o
TSSO RATY & dI8% Ulawyd H Solggi dol Uied & 49 & alddl G 9d e 9 &
BRAT B | A @, Yol FARAT b DB B AL, m TAAA R e TP goldg{ WR Y Al g, fata B

URIRIAT 81 Ol Soideid & aTd © -

e . e \ /4n80a0m
(A) T ® ©) (D) =

2 2
Sol. mve _ 1 .e_z
a, Ame, ag
e
= VS ——— .
a/475 €, a,m
D-5. If an orbital electron of the hydrogen atom jumps from the ground state to a higher energy state, its
orbital speed reduces to half its initial value. If the radius of the electron orbit in the ground state is r,
then the radius of the new orbit would be :
(A) 2r (B*) 4r (C) 8r (D) 16r
e BTSgIo WA H Udh HEd Soldg = Jd WR ¥ Iod WR A Ol & A1 a1 IRM™ES B sell 81 Sl
2| I Serae & Yo SR & oA r B A T e B o B o
(A) 2r (B*) 4r (C) 8r (D) 16r
Sol.  Since speed reduces to half , KE reduced to
Ffd ATl TcHR M X8 SRl ©, Al IS ol TeaR
%th g OllIl = n=2
nh
mvr = —
2n
mvor=1 L .......... I
2n
m Yo r=2- L .......... Il
2 2n
1 11|
r=4r
D-6. In the Bohr model of the hydrogen atom, the ratio of the kinetic energy to the total energy of the
electron in a quantum state n is :
1 1
(A -1 B)+1 (©) - (D) p
BISSIo URATY] & qeX T H JaT0eH IfaRAT n 3 golagid DI ISl SHoll dl HA SHoll HI AU o
1 1
(A" -1 B)+1 ©) - D) =
n n
Sol.  According to the Bohr model dTeR Uity & JIFAR
PE.=—-2KE.=2T.E. = KE.=-T.E.
4
Where Sf&f T.E. = %
8 g5 n°h
_ 4
KE=— M o KE__
8 e n°h TE.
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Modern Physics-/ ﬂ—

D-7.

Sol.

D-8.

Sol.

D-9.»

Sol.

Sol.

The innermost orbit of the hydrogen atom has a diameter of 1.06 A. What is the diameter of the tenth
orbit ?

(A)5.3A (B) 10.6 A (C)53 A (D*) 106 A
BISSIO URATY] & AIH <R dTel Hel BT < 1.06 A B | T9d &eT &7 A B -
(A)5.3A (B) 10.6 A (C)53 A (D*) 106 A
I oc n? ro=10%2x 1.06 A =106 A.

The orbital speed of the electron in the ground state of hydrogen is v. What will be its orbital speed
when it is excited to the energy state — 3.4 eV ?

o v v v
(A)2v G © 5 (D) p

BISRIOA @1 T A § Folag & FefT a1 v 8 | 99 3ADI  — 3.4 eV SHoll aadl adb Sfera b
ST 8 @ 39a) Bed AT B |

% % v
A)2v B*) — C) — D) —
(A) ( )2 ()4 ()8
1
Eocn—2
2
13.6 :n_z o= 2
34 n;
V oc E(z:1) = VZ:X
n 2

The total energy of the electron in the first excited state of hydrogen is — 3.4 eV. What is the kinetic
energy of the electron in this state ?

(A) +1.7eV (B*) + 3.4 eV (C) +6.8eV (D) —13.4 eV

ISl Bl USell I1Tor IRl H golanid ®1 Kol Holl — 3.4 eV. T | T IfaRAT H golagid DI IS SHoll
-

(A) +1.7 eV (B*) + 3.4 eV (C) + 6.8 eV (D) -—13.4 eV
In quantum state of a bohr atom -T.E=KE
IR URATY P FICH IfaRAT H —(-3.4) = KE
3.4ev=KE
D-10.= In above Q., the potential energy of the electron is :
(A)—1.7eV (B)—3.4eV (C*)-6.8eV (D) —13.4 eV
SRIFT I H saiae« &1 Reafast Soff 8
(A)—1.7 eV (B)—3.4eV (C*)-6.8eV (D) -13.4 eV
P.E=2(T.E.)
=2(-3.4)
=-6.8eV

D-11.

Imagine an atom made of a proton and a hypothetical particle of double the mass as that of an electron
but the same charge. Apply Bohr theory to consider transitions of the hypothetical particle to the ground

state. Then, the longest wavelength (in terms of Rydberge constant for hydrogen atom) is

® o ® = ©) & 09 =
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Modern Physics-/ ﬂ—

Sol.

D-12.

Ans.

Sol.

TP AABioqd URATY] THh YIS AT Th Soldnid & QN AN ol GHIE % & T Jffdiodd Hor
q s 91 go | If¥dfoud FU1 ¥ qA RN F GHAU & foy e} g swan fafsdr | a9
reaw dreel B—(gTssIoT WA & foy Ree e & u-i #)

A X ® = © o m%

The force of attraction between the positively charged nucleus and the electron in a hydrogen atom is
2

given by f = ke—z. Assume that the nucleus is fixed. The electron, initially moving in an orbit of radius R1
r

jumps into an orbit of smaller radius Rz. The decrease in the total energy of the atom is.
1 1 R, R, C* ke® 1 R, R
wiew eSRR o%ha oSER
TS BISgio URAY] & D aﬁﬁlﬁmﬁdp@'sdcr;“lrizﬁqwsxméwa?—rf:ke—zgmﬁmwél
r

A 6 A1f9® STeaq B | Solagid UR™ 9 Ry Broar &) wen 9 foefiar @ don 81t s Ry o dem #
FHEAT B | WA B Fol Holt A HH aF—

ke 1 R, R, ke 1 ke?(R, R
® z(R‘RJ “—(? —J ) z[R—JR—J (D)T(R_f_R_EJ

ke?
F= r_2
2 2 2 2
ke; _mv TE = ke +_ke
r r 2r r
2 a2
va:ke T.Ei=mv?= ke
r 2,
2 a2
= 1mV2 = ke T.Ef= ke
2 2r 2r,
a2 a2 2
decrease ot § ¥ = T.E.i— T.Ef = ke [ke”) _ke'f1 1
2, 2r, 2.\, 1
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D-13. It is observed that some of the spectral lines in hydrogen spectrum have wavelengths almost equal to
those of the spectral lines in He* ion, Out of the following the transitions in He* that will make this
possible is
(A)n=3ton=1 (B*Yn=6ton=4 (C)n=5ton=3 (D)n=3ton=2
IE U frn T B 5 EISgIoM WRAT] @ 8 Wagd VRl & avesl Het oA # WagH Y@l &
TOeed & WY A B | T | | @I Het 3TIE | HshHUT SHG! §Yd 99T © |
(A)n=34n=1 (BYn=634n=4 (C)n=54n=3 (D)n=39n=2

Ans. (B)

Sol. 136x4x| Lt _1l_136x[L 1
16 36 49

AEin6to4 in He+
matches with AE in H of 3to 2
He+® 69 4% AEBSSIOH § 39 28 AE Y e &=ar 21

Section (E) : Electronic transition in the H/H-like atom/Species of effect of motion of
Nucleus

QS (E) : BTERIo/BISnlo S URATY ¥ Felagid HhHvl a1 Tffe & 10 &1 g9

E-1. Three photons coming from emission spectra of hydrogen sample are picked up. Their energies are
12.1eV, 10.2eV and 1.9eV. These photons must come from
(A) asingle atom (B) two atoms
(C) three atom (D*) either two atoms or three atoms

TSRO T & IAo Wagd A dF BIeH & foan Siar 21 398 St 12.1eV, 10.2eV dof 1.9eV.
2| IT BICH 3 =AY -
(A) TH TRAT] | (B) 31 WA A
(C) T =AY | (D*) a1 @ &1 A1 A WA A
Sol. 121=E(nh=3)-E(n=1)
10.2=E(n=2)—-E(n=1)
19 =E(n=3)—-E(n=2)
At least two atoms must be enveloped as there connot be two transition from same level from same
atom.

fPh TP & URAN] & G KRl & HAeF &1 AHAY 81 8l Fhd AA: FATH & URAIY ATdg 81 MR |

E-2. In a hypothetical atom, if transition from n = 4 to n = 3 produces visible light then the possible transition
to obtain infrared radiation is :
(A)n=5ton=3 B)yn=4ton=2 (C)n=3ton=1 (D*) none of these

TP HId1d WA H Je n=4F n=3H AP A I IS IA~ 811 § A 3faxad fafdror g
P D oy |wIfad FHAT © -
(A)n=54n=3 (B)n=4dn=2 (C)n=3dn=1 (D*) TH & PIg Bl

Sol. All the transition energies in option (A), (B) and (C) are greater than correspondington =4ton = 3.
Hence, option (D).

(A),(B) T (C) famedl § W) HHHaT ol n =4 n = 3 FhAY W AfdH B 21 3 fAdey (D) B |

E-3.  The ionization energy of hydrogen atom is 13.6 eV. Hydrogen atoms in the ground state are excited by
electromagnetic radiation of energy 12.1 eV. How many spectral lines will be emitted by the hydrogen
atoms?

(A) one (B) two (C*) three (D) four
BISRISM URATY &1 ARFF Holl 13.6 eV. 8| o 37awRA dlel BISRioM WA HI 12.1 eV. ardl fagd
o fAfeo g™ i fan Sran § | gssio A §R1 fdhae Wagd v Swford sRf 2

(A) TP (B) a1 (C) = (D) =R
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Sol

E-4.x

Sol.

E-5.%w

Sol.

12.1 eV radiation will excite a hydrogen atom in ground state ton =3
12.1 eV Foll fafRor BESIo TRATY ®I ek 9 n=3 WR qP ST B |

state number of possible transition = "Cz = 3C2 = 3.
G FhHUT = "C =3C2 = 3.

Energy levels A, B and C of a certain atom correspond to increasing values of energy, i.e. E, <Eg <E_..
If A,, A, and 1, are the wavelengths of radiations corresponding to transitions C to B, Bto A and C to A
respectively, which of the following relations is correct ?
7\‘1}\‘2

A+ A,
SHoll B g3 g AM B A b I¥Ed GRATY A, B3R C & ol WiR A E, < E; <E. 81 3 A,
A, TAT A, S CH B, B ATA C X ANPAY & Ga fAfbRor &) a¥vreed & a1 1 § sl eyl
GRS

(A) g =2, + 1, (B*) &y = C) A +hy+Ah3=0 (D) A 2=2,%2+2,7

(A) Ay =2y + 2, (B*) A, = ;‘1:‘; (C)h, +h, +23=0 (D) 22 = A% + 1,2
1 2
E
C?\“I
E
| s
E, 3
Ec—Er=(Ec—En) *+(Eg—E))
hc hc hc
j —_— —+_
}\'3 7\’l 7\’2
A
= 7"3 = # .
1+}\’2

The wavelength of the first line in balmer series in the hydrogen spectrum is A. What is the wavelength
of the second line :

) 2 ® = © = o) 2
BISRIOH WagH &) R Ao o Ugell Y& &) aeed A 7 | O Xl @Y aRieed § —
o 200 3 5 28
(A%) 7 B) 6 ©) 36 (D) 2

i:R[l_Ej = A= 4x9
i 49 5R
imi 1 = l_i = E: Ex 5}L :@
similarly s¥1 &R ol R[4 42J =\ 3R- 3 “ax9 " 27

The frequency of the first line in Lyman series in the hydrogen spectrum is v. What is the frequency of
the corresponding line in the spectrum of doubly ionized Lithium ?

(A) v B)3v (CY9v (D) 27 v

gTSSIo WagH B argAq Avfl & Ugell Y@ &) gy v R | f§ mafia faftrm omm & Wagw & W d
@1 FY IMRT B -

(A) v (B)3v (CH9v (D) 27 v
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2
Sol. E:13.6[Z J

n2

13.6(1° 13.6(2)°

AEq= == = =10.2eV=hv
@ 2

AL = 13.6(23)2 ~ 13.6(;3)2 = 91.80 eV =h(9v)
@ 2

E-7. A sodium atom emits a photon of wavelength 590 nm and recoils with velocity v equal to
(A*) 0.029 m/s (B) 0.048 m/s (C) 0.0023 m/s (D) data inadequate
Te AIfETH TRATY] 590 nm TRASES HT TH Bl Icaford HRal & AR Ul Iy & RER am—

(A*) 0.029 m/s (B) 0.048 m/s (D) 0.0023 m/s (D) 3T U 7
Sol.  (A)
h
—=mv
A
h 6.63x10°

V=—=
mi  23x1.67x10% x590x107°
~ 66.3
23x1.67 x59
=0.029 m/s

Section (F) : Atomic Collisions
@Ug (F) : TRATIERT SqHpx (HHce)

F-1. An electron with kinetic energy 10 eV is incident on a hydrogen atom in its ground state. The collision

(A*) must be elastic (B) may be partially elastic
(C) must be completely inelastic (D) may be completely inelastic
TE 10 eV RIS SHoll aTeT Foidgie ol favell Tl ggSIoid URATY] TR 3MYfid 8Ial 8 | oy —
(A*) TORY B A1RY | (B) 31ifr IRy & A ¥ |
(C) quicran rgcareel 81 ARy | (D) Yuida IR & |l 3 |
Sol. 10 eV electron cannot excite a hydrogen atom Hence collision is elastic.

10 eV Sag [ BISgIo URHTY] HI SN T8l R Fhdl 3d: TIH TATKY & |

Section (G) : X-rays
Gug (G) : X-froi
G-1.  Consider a photon of continuous X-ray coming from a Coolidge tube. Energy of photon comes from
(A*) the kinetic energy of the striking electron
(B) the kinetic energy of the free electrons of the target
(C) the kinetic energy of the ions of the target
(D) an atomic transition in the target
qferst Aferdt | Fde™ arell Faq X-f6or & WIS &) Bedet BRI | BISH B Sl fhad ure el ¥ -
(A*) THIM dTd Feraei &I TTfast Soll |
(B) d& & o Soidgid dI TfaSl SHoll |
(C) <1&T & AT B TIferat ol A
(D) &g H URHAIVGEH HshAvT |
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Sol.

G-2.»=

Sol.

G-3.

Sol.

G-4.

Sol.

The continuous x-ray comes out because the striking electron loses its kinetic energy
|aq x-fexor I@fsia erft w®fed Tdm arer Solagid Ifds Sl @Y |

If the voltage across the filament is increased, the cutoff wavelength

(A) will increase (B) will decrease (C*) will remain unchanged (D) will change
I g @ R R a9 qern 9 a1 S8l TRies -

(A) s (B) Tt (C*) sruRafia =M (D) gger

The cut off wavelength depends on the accelerating potential difference which is unchanged. Hence,
the wavelength will remain unchanged.

I dRIeed wiRd fayarr o smufkafda 8, R Ak oweh 21 ora: dRveed sroRafdd @i |

The characteristic X-ray spectrum is emitted due to transition of
(A) valence electrons of the atom

(B*) inner electrons of the atom

(C) nucleus of the atom

(D) both, the inner electrons and the nucleus of the atom

ITfrerTferoTe X-frvor Waed 791 & SI9H © BRY Safid BT B |

(A) THIY] & FASID FAdRT B PRI (B*) TRATY] & ARG Seldnid & BRI

(C) TRATY] & WS & BRI (D) IMIR® Felagi qAT URATY & WP QA1 B BRI
The characteristic x-rays are obtained due to the transition of electron from inner orbits.

Aaq x-fHvr aR® Bre & gAdg™ & AHAYT B HROT Iq~ B 2 |

When ultraviolet light is incident on a photocell, its stopping potential is V, and the maximum kinetic
energy of the photoelectrons is K__ . When X-rays are incident on the same cell, then :
(A*) Vyand K both increase (B) Vo and K, both decrease

(C) V, increases but K . remains the same (D) K, increases but V, remains the same

STd YHIE el W WRIGTA Gebrel Arafad gar g a1 PRI v v, den wiel godgE B sifiean sl
K & 99 3 9d IR X-foor emufoa 8kt ®, 99

max

(A% V, T K__ 1 98d & (B) V, @I K, &F1 Bed §
(C) V, Sl & W=y K 9 Y&l @ (D) K., 931 & TR V,, A Y&l @

The energy of x—ray is more that of U.V. light. Hence, the K.E. of emitted photoelectron is more and
hence stopping potential required is also more.

x—fpRoT B Foil U.V. Jh1e I 1fdd Bidl 8| o7d: Scaford Bieid @1 sl SHoft 3ifde 2R 92l mavdd
R fawa ot i & |

Section (H) : for JEE Main
@US (H) : JEE Main & fag

H-1.

In Davisson-Germer experiment, the filament emits

(A) Photons (B) Protons (C) X-rays (D*) Electrons
g 9k & A ¥ fhamd< Safsid &ear a—
(A) BIEH (B) Wier (C) X-fom=ot (D) ST
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H-2.

Sol.

Sol.

In the Davisson and Germer experiment, the velocity of electrons emitted from the electron gun can be
increased by :

(A*) increasing the potential difference between the anode and filament

(B) increasing the filament current

(C) decreasing the filament current

(D) decreasing the potential difference between the anode and filament

A9 R SR & YA § ‘Soideid 79, g§RT ScAfd Sodeldl & 97 Pl 9o off gahdl &
(A) TS 3R fhamie & 99 favarR &1 A9 9gTax

(B) fhaiTic — 9RT &1 A 981 X

(C) famric — gRT &1 A1 &F BB

(D) =TS (@) 3R fhemic (@) & 9= AR &1 9149 &9 oxa

1)
+«—o
>E
1)
+«o
>E
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Modern Physics-/ ﬂ—

PART - Ill : MATCH THE COLUMN

HIT - 11l DI DI FAfTd BIIY (MATCH THE COLUMN )

1# In the shown experimental setup to study photoelectric effect, two conducting electrodes are enclosed
in an evacuated glass-tube as shown. A parallel beam of monochromatic radiation, falls on
photosensitive electrode. Assume that for each photons incident, a photoelectron is ejected if its energy
is greater than work function of electrode. Match the statements in column | with corresponding graphs
in column I1.

UPIR JEd U9 B A B oY @ T wAiffie @awen 4, | arde sodgrs fe@rdl g e fHaifaa
B B Tell § I T | THION YHY B UH FAR Yo YT Hadl soiagre R fRar 2| 98 g &
TP AT B @ Y, Biesdde Scafoid Bl 8 IR 39d! Holl goldeis ® dRI%bad I 3Aftd
B & | Bie-1 7 Al B icE-11 4 &I 7% & gafe S |

parallel beam Yh12l Bl

of light IR Y

a—Af2 yave—

Column-I Column-II
/
Saturation photocurrent (for same metal) versus
(A) intensity of radiation is represented by (p) /

Maximum kinetic energy of ejected photoelectrons
(B) versus frequency for electrodes of different work Q)
function is represented by

Photo current versus applied voltage for different

© intensity of radiation (for same metal) is represented n
by
A
Photo current versus applied voltage at constant /,// >
(D) intensity of radiation for electrodes of different work (s) ~
function. L
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Modern Physics-/

Ans.
Sol.

Ans.

A BT GRT (T4 o1 & forg) o1 fafewor a1 e

(A) B AT UTH

(B)

(©)

Bied-1

IRTT BICIgeragd &1 AAHTH A FHoft b1 g

(a)

3 g W% (RTIH SolagIes & 3Tel 31T Hri%wa # )

®) /——

Bietd-11

v

fafaor (T erg @ forg) &Y QT JterT daar @ 1%11’
BT €RT BT ARG diecdl & A1 TTH

5 AT BRG] & goiders & forg fafexor @
©) ﬁaﬁeﬁwwmwmmﬁﬁaﬁma%waw(s)

Ar B)sCp [Dg
Saturation photo current is directly proportional to intensity.

AW IS GRT A1 & A FAURH B © |

Kmax = hv — [0}

Stopping voltage is independent of intensity.

foRie fawa Srgar R AR T8 B 2

The energy, the magnitude of linear momentum, magnitude of angular momentum and orbital radius of
an electron in a hydrogen atom corresponding to the quantum number n are E, p, L and r respectively.
Then according to Bohr's theory of hydrogen atom, match the expressions in column-I with statement in

column-IL.

FICH T NS GG BIESIo URAT] § SoAdg = B SHoll, Y& AT I gRA0], SIofid FIT &1 gRHATT
qer et a1 HHe: E, p, Ld r2| 79 BIgsio WA & 4R Mg @ AJAR Didd-1 B BicH-11 4

gfera sRY |

Column-I
(A) Epr
p
(B) E
(C) Er
@pr
hTeTH-1
(A) Epr
p
(B) E
(C) Er

(D) pr
(A)r (B)a,ss (C)p (D)ass

Column-II
(p) is independent of n.

(q) is directly proportional to n

(r) is inversely proportional to n.

(s) is directly proportional to L.

PictH-1T
(P) N ¥ WA= gl

(@ ne WY FAAR 2|

() n & FSHATGAT 2 |
(s) L & A AU 7|

/\

Resonance”®

Educating for better tomorrow

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
— — ' — ADVMP - 30

Toll Free : 1800 200 2244 | CIN: UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Modern Physics-/ ﬂ—

Sol. Eociz, Vocl and TAT r o n?
n n
(A)Eprocizxixn2 or I Eprocl
n° n n
(B)Boclxn2 or a1 Rocn
E n E
© Erocian ordl  Erisindependent of n
2
n
C)Eroc = xn2 a1 Er, n9 W@d= &
2
n
1
(D) Proc = xn2 ordl  procn
n

3= In each situation of column | a physical quantity related to orbiting electron in a hydrogen like atom is
given.The terms ‘Z’ and ‘n’ given in column-Il have usual meaning in Bohr’s theory. Match the
guantities in column-1 with the terms which depend on quantity given in column-II.
B - | B IS RAMT 4 BTSgior A5 WA &I &l § gAd g goland A Farea difae i &1 18
2l dem ¥ RA M ug Z T 0’ BT e S@yRen # yafed «ef 7| dfem-Il ¥ Y M ust @
BicH-1 | gafera sRA |

Column | Column 1l
(A) Frequency of orbiting electron (p) is directly proportional to Z2
(B) Angular momentum of orbiting electron (q) is directly proportional to n.
(C) Magnetic moment of orbiting electron (r) is inversely proportional to n3
(D) The average current due to orbiting of electron (s) is independent of Z
B | B I
(A) F&T ¥ AT g sIasi @ MRy (p) 22 & WY FHIURN Brar (@) 2
(B) TeT H FAd g SAGRIT BT DO FIT (@) n® AT FHAGURN B (@A) 2|
(C) TeTm # g7 §U Solanid b1 grdid et () nd® & FPHATURN Bl (BRM) B
(D) Tel # AU §F FoAag B BRI A R (s) Z¥ waas Bram (Breh) B |
Ans.  (A)pr (b)gs (C)as (D) pr
2
Sol. (A) Frequency of orbiting electron vn o« 2—3 f= Y .
n 27r
(B) angular momentum of orbiting electron L = g_h .
T

(C) Magnetic moment of orbiting electron scn. M =ix gR? = $nR2

2
" .z

(D) Average current due to orbiting of electronioc —-.
n

L (A)qqﬁgqsﬁaﬁ:raﬁmﬁvnoci—i_le_

2mnr

(B) T&HR HIcd BY Sdgld B BV HIT L=nh

I

(C) agdR dIcd gU Soldgid Bl ghslcr;‘m GTFEJ\UT acn M=ixnR2= %nRZ

2
(D) 9FPpR DIcd gy Soldgid B PN AT IRT i oc Z—3.f= ZL
n T
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Modern Physics-/ ﬂ—

Bl Exercise-2 |

= Marked Questions can be used as Revision Questions.

w Fifed g S arg ueE 2

PART -1: ONLY ONE OPTION CORRECT TYPE

YAT-l : Hddd TP He! fdhed UPHR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Photoelectric Effect YhRI ﬁgﬁ UHIq

1.

Sol.

2.#

Sol.

3n

The photoelectrons emitted from a metal surface :

(A) Are all at rest (B) Have the same kinetic energy
(C) Have the same momentum

(D*) Have speeds varying from zero up to a certain maximum value

grfcas Tdg A ST BIel goAdg i

(A) T favm arazen # B & (B) &l #I TIforst Soott o Bl &
(C) Il BT HIT |9 BT © (D*) 3= | fAfREa iffead ord & B 2|

Have speeds varying from zero up to a certain maximum value

e I ¥ AREd iffiewaw AM 96 agerh B

A point source causes photoelectric effect from a small metal plate. Which of the following curves may
represent the saturation photocurrent as a function of the distance between the source and the metal?

A) (B) ©) (D%

current —
current —
current —»
current —

distance — distance — distance —> distance —

W@ﬁﬁﬂﬁm@zm@ﬁ@aaﬁmqmﬁgﬁuwwm%lﬁﬂﬁﬁaﬁwwaﬁa
TN g & 9 T D o D wY A I TBIY GRT BT YSRIT Y Fahal € |

A) ® ©) é (D% %

2

Rl I\ Eling EUng

- . L 1
With distance intensity will fall as —-
r

qﬁ%wm%ﬁam%maﬁ%l

In a photoelectric experiment, with light of wavelength A, the fastest electron has speed v. If the exciting

wavelength is changed to % , the speed of the fastest emitted electron will become

3 4 3 . 4
(A) v\/; (B) v\/; (C) less than v\/; (D*) greater than v \/;

yTel g T H Uga A AR & T A Il qad IOl geldgd B dd v B | e uga gl
P TR 3:“ PR & W, I G A9 SN SAdET BT ATl BII—

3 4 3 -
(A)V\E (B)V\E (C)V\E A HH (D)V\E q 31w

/\
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Modern Physics-/ ﬂ—

Sol.

Sol.

In photoelectric experiment, speed of fastest emitted electron is given by —

geTel faega wam # , A9 I Sedag= ol a1

1mvzmax— L
2
Case Refar - | o= w (i)
2 A
Case Refa - 11 Lve=_NC
2 31/4
1 >, _ 4hc .
= =——W e i
2 31 0
From eqn. (i) & (ii)
o (i) 7o (i) |
vez 2y W
3 3

, 4
Hence, 31d: . V>V §

In a photoelectric experiment, the frequency and intensity of a light source are both doubled. Then
consider the following statements.

(i) The saturation photocurrent remains almost the same.

(ii) The maximum kinetic energy of the photoelectrons is doubled.

(A) Both (i) and (ii) are true (B*) (i) is true but (ii) is false

(C) (i) is false but (ii) is true (D) both (i) and (ii) are false

ghTel fagd WA H IS gHTe Wi P AGR qAT dgdl QM1 B G PR o dl E PUEl W OfEER
DI

(i) FQ gHre fIgd oRT T T @

(ii) BICT SIS B STAHTH IS Hofl T 81 SIRAT

(A) (i) 3R (i) 1 FL B (B*) (i) @& & W (ii) AT B

(C) (i) Tera B W=y (ii) el B (D) (i) 3R (i) Q1 Tard &

Since frequency of light solurce is double, the energy carried by each photon will be doubled.

Hence intensity will be doubled even if number of photons remains constant. Hence saturation current
is constant. Since frequency is doubled, maximum KE increases but it is not doubled.

Tf% gHTY I B AR G B, UAS B B SHoft W I B SIe |
ara: arar G B A TafE Brem we g @ | o G| urt R 2
TfF Mafar SN B, KE 9ed1 & IRy A1 &1 8Idl 2 |

When a monochromatic point source of light is at a distance of 0.2 m from a photoelectric cell, the cut-
off voltage and the saturation current are respectively 0.6 V and 18 mA. If the same source is placed
0.6 m away from the cell, then :

(A) the stopping potential will be 0.2 V (B) the stopping potential will be 1.8 V

(C) the saturation current will be 6.0 mA (D*) the saturation current will be 2.0 mA

S9 U Uit ysrel fag A ysrel fagd 9a 9 0.2 m g9 W 8, PRI f3wa den |q< a1 %9en 0.6
Vdem 18 mAR| I I8 919 ¥ W 0.6 m I R 3@ T AT

(A) R fawa 0.2 v Brm | (B) fFRieft fawa 1.8 vV ERT |

(C) I 4RI 6.0 mA BIY | (D*) Y &RT 2.0 mA Brfl |

/\
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Modern Physics-/ ﬂ—

Sol.  When the source is 3 times farther, number of photons falling on the surface becomes éth but the

frequency remains same. Hence stopping potential will be same i.e. 0.6V and saturation current
become

éxls mA = 2mA,

maﬁa3ﬂm§3ﬁmaﬁq&fwﬁﬁmﬁqﬁ€maﬂméﬁwﬁﬁﬁmﬁwﬁ@ﬂleﬂ
R fawa |9 0.6V B 9 FW R

%x18 mA = 2mA,

6. An image of the sun is formed by a lens of focal length 30 cm on the metal surface of a photo-electric
cell and it produces a current 1. The lens forming the image is then replaced by another lens of the
same diameter but of focal length 15 cm. The photoelectric current in this case will be : (In both cases
the plate is kept at focal plane and normal to the axis lens). (Assume saturation current only).

Th 30 cm B BIbd g dlel o B gRT UBR g da @ g1 Ads R JA b1 U g9 § qon
SHY I GRT (5| 9 o9 Bl SR o9 9 9&d Qa1 Ol &, foadl a9 999 8 R Bied 4 15
cm & | 39 Rafd 3 yore fagqa a1 Rl (59 SF1 Rfcl # wic ®Ied I d d1 o[ &1 3J&T & owaad
E © 1) (@9 G« 9T A1)

(A) 112 B)21 (CH1 (D)41

Sol.  The current 1 is proportional to light energy falling on the lens per second which is same in the two
cases. Hence same 1.

gRT [ &= R AT I dhvs Jare ol & Fagur & o a1 Rfedl § q9e 8 sferiq 99 135 |

7.3 The work function of a certain metal is ?L—C When a monochromatic light of wavelength A < Ao is
0
incident such that the plate gains a total power P. If the efficiency of photoelectric emission is n% and
all the emitted photoelectrons are captured by a hollow conducting sphere of radius R already charged
to potential V, then neglecting any interaction between plate and the sphere, expression of potential of
the sphere at time tis (e= 1.6x107°C) :

frd) wie &1 BrRIBH r;—C%|\—r|'srx<xo TR BT T quily YHIY wic IR 59 YN Iufad  8Idl 2,
0
P s wic W o wfdd P ura Bl 2| Al garer — fag[d  Scqoid &1 Q&rdl n) % 8 a1 9491 Ieafoid

BIel —gelag[ R 3 den v fawa a& MR @rgel garad el gRT U801 {6y S 2 | wic e
3 9 == v o 99 | fRA o IHg t R M & g &1 &9id & —

1 P
(A)V + 00n APe t (B V - n APe t )V D) APe t
4ng RhC 400mg,RhC 4ne,RNC
Sol. Number of photons emitted per second. Uftl AHTS IR Bied Bl A&
=N P
100 hc
Potential of the sphere after time tis 39 t U¥ard Mot &1 fava
Vi=V_ (Ne)t v nPiet
4ne R 400ng,Rhc
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Photon emission from a source and radiation pressure

T A ¥ BIeH Sodeiq g9 fafewor g9
8.

Sol.

O n#

Sol.

Radiation pressure on any surface (for a given intensity):
(A) is dependent on wavelength of the light used
(B*) is dependent on nature of surface
(C) is dependent on frequency and nature of surface
(D) depends on the nature of source from which light is coming and on nature of surface on which it is
falling.
fod wag R fafewor q@ (@ € dgar & fo) -
(A) ST 7 o T yare & aeed R R #Rar ®
(B*) I8 Hag & UHfa W fik @var g
(C) I8 & B UHid a1 Mghy R iR &=am 2
(D) I USRI WId &1 YPHfa R fT9 g rar g a1 o 9ag8 R yare fRar 5, S9! uafa ) R
PHRAT B
The radiation pressure faf&Ror g9

P= E: 2_h ﬂ = Zl

A A A C

if reflected completely. It is independent of wavelength. It will depend on the nature of the surface and
the intensity of light.
e goi wRrafld 81 o a1 | g8 aeed R R T8 Ral § | I8 U Bl Udid g Fhrer digar R R

P B |

The radiation force experienced by body exposed to radiation of intensity 1, assuming surface of body to
be perfectly absorbing is :

[ frgan arelt fafeRor gR1 avg R fAfRor 91 RN 2 | MR g%y &1 A8 gl Jaevs o

I = Intensity
of radiation

2
A) nR°I nRHI C IRH IRH
c c 2 ¢C
Radiation force faféxor sa

- L sneatmwa = L. L og.y=RH
C c 2

/\
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de-Broglie wave length S FFel a_AT

10.

Sol.

Which one of the following statements is NOT true for de Broglie waves ?

(A) All atomic particles in motion have matter waves of some de-Broglie wavelengths associated with
them

(B*) The higher the momentum, the longer is the wavelength

(C) The faster the particle, the shorter is the wavelength

(D) For the same velocity, a heavier particle has a shorter wavelength

ATl TN @ o P11 B FE TRl 7 ?

(A) TS TRATTER $9T B T B o) ITH §B S—dell aRiaed Fwd Bl © |
(B*) 31fds FaT & forg a1 ol R Bl R |

(C) T &7 & ford B Tveed 8l 21

(D) T 9T & o 9y o1 B R BT Bl B

}\‘:n

p
Hence, higher the momentum, smaller the wavelength.

Ira: forae ifde FdT B ST B BH dRIesd B |

Bohr’s Theory for hydrogen, hydrogen like atoms (properties)

WW@%W@@%WWW

Sol.

12. %

Sol.

An a-particle of energy 5 MeV is scattered through 180° by a fixed uranium nucleus. The distance of
closest approach is of the order of :

5 MeV Sull @l T o-H01 ReR R T1f%s & HRo 180° W fdafea gran 21 e do1 o-$01 &
7 gATH 8 DI Pife fra BM I

(A) 1A (B) 100 c¢m (C*) 102 cm (D) 1015 cm
The distance of closest approach is given by =g g0
1 2Z¢?
fo = .
4ne, E,

Here S8 Z = 92 for uranium and (a9 & forg e Ex = 5MeV = 5 x 108 x 1.6 x 10710 J.
Also Ud e = 1.6 x 10-1° C and q21

2 CH 98 x 10° Nm2C-2. Using these values, we get ro = 10-12 cm, which is choice (C)

TTE,

41 =98 x 10° Nm2C-2, SURIFd A &1 ITAN T A B UR ro = 10712 cm, 5t fadwew (C) B |
TE,

An energy of 24.6 eV is required to remove one of the electrons from a neutral helium atom. The
energy (In eV) required to remove both the electrons from a neutral helium atom is :

ISR Eferad WA A Uh Selaei Bl 8M & ol LIS FHoll 24.6 eV & | IS Slferad WA |
Tl ST B BeM @ ford MaeISH Holl (eV H) ' -

(A) 38.2 (B) 49.2 (C)51.8 (D*) 79.0

Energy required to remove the second e~

T e B g B g AT Gt

. TE=(54.4 +24.6)=79.0 eV.

/\
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13.

Sol.

14.

Ans.

Sol.

An atom consists of three energy levels given by a ground state with energy Eo = 0, the first excited
state with energy E1 = K and the second excited state with energy E> = 2K where K > 0. The atom is
initially in the ground state. Light from a laser which emits photons with energy 1.5K is shined on the
atom. Which of the following is/are correct ?

TP TRATY H T Holl TR 8 T T aRqT B Holl Eo = 0, § | TSl S7Iold 3@ H1 SHoll Ex = K T

TA SIS AR B Foll E2 = 2K § W8l K >0 8 | AT YRS ¥ qof awe 3§ g oiar (B 1.5K
ol BT BICH Fdhedl 8) A WRATY] R USRI STl O 2 | 7191 § | SIF91/$99 $oF T8 27

(A) The photons are absorbed, putting one atom in a state E1 and one atom in a state E-.

(B) A photon will always be absorbed, but half the time the atom will go into the state with energy K and
the other half into the state with energy 2K. In this way, energy will be conserved on the average.

(C) The atom absorbs a photon, goes into the first excited state with energy K and emits a photon with
energy 0.5 K to conserve energy.

(D*) The atom does not absorb any photon and stays in the ground state.

(A) TP URATY] BT E; 3faRRI TAT U URATY] Pl Eo 3T H 3@ W BICH AqId 8 2 |

(B) BT 89N JF@efya 81T, WR=] URAY] Y FHY K Holl dTell faweil H d1 3N qHy 2K &l arell
=T H SR | $9 Ufthar # SNAa Sort wRfrd <@ |

(C) URHY] BICH B JARNT HRAT & a1 K SHoll & | YA IO 7@l H a1 & o AR &
PRI 0.5 K oIl BT B Scarid Hal 2 |

(D*) URHTY] PIs HICH ARG o1 BT qAT oI el § & & |

The atom will absorb photon whose energy is equal to the energy gap between two energy levels of the
atom.

URATY] IH BITHH DI JAFNNT BN DT Holl TRAY & FHoll KR D A FHoll A<RTA ® aRIER 3 |

In a hydrogen like atom electron makes transition from an energy level with quantum number n to
another with quantum number (n — 1). If n >> 1, the frequency of radiation emitted is proportional to :

WWWW#WWW?WG@In@WWW (n—1) & WAHHAVT B
21 afan>>17%, IaRid fafeRor #1 sgiy a8 ¢

») = 89 L (©) n? o L
n n n

(B)
En - En—l
_ 136 Z¢ -136 Z°
= +
n’ (n=1)y

13.622{ 1 —i}

(n=1° n?
2 (42
hv=13.672| L0270 (n 12)
n“(n—1)
_ 1362 1
n* | (1-1/n)’
> [ -2
_ 1362 (1_% _1}
n n
21 2
_ 13.(22 1+g_1} _ 2><13.36 z vOcia (b)
n | n n n
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15. The relation between A1: wavelength of series limit of Lyman series, A2: the wavelength of the series
limit of Balmer series & As: the wavelength of first line of Lyman series is :
A Ay AT Aol B A aReEd B, A2 R SO0 @ ARG aRIeed defl As: orgAe Soft @ ges
@ B IR B Al
(A) AL =22+ A3 (B) A3 =21+ A2
1 1 1
C)ra=r3— M1 D*) — -— = —
}\‘l 7\‘2 }\‘3
STaRT-2012
SO| 5—Eoo—El = £ :Eoo—EZ
}\‘1 )\’2
L: E,—-E3 = i - i :i
}\‘3 )\’l }\’2 )\’3
16. Ultraviolet light of wavelengths A1 and 1> when allowed to fall on hydrogen atoms in their ground state is
found to liberate electrons with kinetic energy 1.8 eV and 4.0 eV respectively. Find the value of % .
2
e =T W IURT BIgSIoT URATRI WR @ Ay AT A, TR dTell RIS UbTel Ui 8iam &, af
PHHI: 1.8 eV TAT 4.0 eV 7IfAS ol aTed Seide = Sedfoid aIdl © | % BT A ST BN |
2
7 8 9 20
A) — B*) — C) — D) —
(A) 5 (B%) = (©) 20 (D) 9
Sol. K=E-13.6 (ineV)or
(1.8x 1.6 x10%°) = Z—C -136x16x101 .. (1)
1
Similarly for the second wavelength : I &R L% folQ
(4.0 x 1.6 x 10-19) :2—‘: -136x16x101° . 2)
2
Solving these two equations , we get & ®R WX
- M_8
Ay, 7

X-rays X-favot

17.

Sol.

18.

In a discharge tube when 200 volt potential difference is applied 6.25 x 10 electrons move from
cathode to anode and 3.125 x 108 singly charged positive ions move from anode to cathode in one
second. Then the power of tube is:

U faasiq Aferadr § 200 dice favaraR SIRINT &R TR 6.25 x 1018 Soidei dells | UAlS & dR% qell
3.125 x 108 Udhdl AR g9IHS 3MIF TAIS A DA & OB b AHvs | I $HRA g al AAferdr &

MIESISUIR

(A) 100 watt dfe (B) 200 watt d@fe (C*) 300 watt dfe (D) 400 watt dfc
P=P_+P:

=200 x (6.25 x 108 + 3.125 x 10%8) x 1.6 x10-1° W

=300 W.

An X-ray photon of wavelength A and frequency v collides with an intially stationary electron (but free to
move) and bounces off. If A’ and v' are respectively the wavelength and frequency of the scattered
photon, then :

TH X-fHRor wie[ e a3 A\ den Efd v B, UR™ H§ ReRr golag (@1 I & forl Wdd &) 9
THY IX dledl B | Ak Relia wIeH @ avoed qen emafa e A dar v E ar

AN =xv=v B)YM <k v >v CAM>AV >y DA >A Vv <v

/\
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Modern Physics-/ ﬂ—

Sol. Some of the energy of photon will be absorbed by the electron. Hence, energy of the photon will reduce
correspendingly wavelength will increase and frequency decreases.

BICH B BB Holl solded gRI AT BRI | 37 BIEH B Holl dRIeed g+ R Tl AGRT T R

TS |
19. The wavelengths of K. x-rays of two metals ‘A’ and ‘B’ are _4 and 1 respectively, where ‘R’
1875R 675R
is rydberg constant. The number of elements lying between ‘A’ and ‘B’ according to their atomic
numbers is
] oTgell A @1 B B Ko x-fRoll &7 dReeed o g -1 ot R Read fradie 31 A
1875R 675R
T B & a8 Refd WA e & AR Al &1 9T 2—
(A)3 (B) 6 (©)5 (D) 4
Sol. f-r@Ez-1px[1-1
Py 4
R _R(z-1f3  =zi=26
4
and @ 675R=R. (Z,-2) > =72,=31
Hence number of elements 3Td: T@ & FE&T = 4
20. An X-ray tube is operated at 66 kV. Then, in the continuous spectrum of the emitted X-rays :

(A) wavelengths 0.01 nm and 0.02 nm will both be present
(B) wavelengths 0.01 nm and 0.02 nm will both be absent
(C) wavelengths 0.01 nm will be present but wavelength 0.02 nm will be absent
(D*) wavelength 0.01 nm will be absent but wavelength 0.02 nm will be present

U X-fHvor Aferdt 66 kV fava o) SRRA g @1 Scafoid X-fHRor & |aq Wagq + ¢

(A) 0.01 nm @21 0.02 nm &1 dReed IufRerd &M

(B) 0.01 nm @1 0.02 nm SFI T 3rguiRerd srft

(C) 0.01 nm el TR« SURIA 8RN oifd1 0.02 nm drell JrguRerd srf

(D*) 0.01 nm dTell TRIeEd arguikerd &R Afd 0.02 nm aTell SuRerd &l

hC _1.24x10*

E  66x10°

Since 0.01 nm is less than Amin, it will be absent but 0.02 nm and longer wavelength will be present

FfP 0.01 NM Amin F PH 8, Y8 JURLT =M =] 0.02 nm I s 41 TR« IURIT B |

Sol. Amin =

21. For the structural analysis of crystals, X-rays are used because :
(A*) X-rays have wavelength of the order of the inter-atomic spacing
(B) X-rays are highly penetrating radiations
(C) Wavelength of X-rays is of the order of nuclear size
(D) X-rays are coherent radiations
fovee @ G 3reaad & ford X-fRor &1 Suai e oiran 8 @ifds -
(A*) X-fovor &) aeeed & B T WRANIA® O & aRER Bl ®
(B) X-foxor @t e e 2ifde &Il 8
(C) X-frrur & aeed o) HIfe WS & MHR BT el B
(D) X-fbR0r well Trg fafebwor g &
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22.»# Given curve shows the intensity-wavelength relations of X-rays coming from two different Coolidge

Sol.

23. =

Sol.

24,

Sol.

tubes A and B. The dark curve represents the relation for the tube A in which the potential difference
between the target and the filament is Va and the atomic number of the target material is Za. Similarly
dotted curve is for tube B. Respective quantities are Vs and Zg for the tube B. Then,

1 W 9% A A A FHfers Afereeil A den B 3 urd X-f&Ro @1 dgar don cRaesd § Heg =
T B | TR 9% AfereT A D foy dey welRid #xar 8 R ey 91 dg @ Hed Ve Va 9 ded
@ gig BT WA HHG Za 31 T UBR fIgaa aw Aferar B & fog 71 I IR[El g@d Afoe & oy
AR Ve TAT Ze & QT -

Intensity

raar

Wavelength
(A) Va> Vs, Za>Zs (B*) Va> Vg, Za< Zs (C)Va<Vs,Za>Zg (D)Va<Vs, Za<Zs
(Aka)a > (Ako)B = ZB > Za
(Acutof)a < (Acut off)B = Va>Vs.

If Amin is minimum wavelength produced in X-ray tube and . is the wavelength of k. line. As the
operating tube voltage is increased.

(A*) (Ak — Amin) increases (B) (Ak — Amin) decreases

(C) Ak increases (D) Ak« decreases

AR Amin, X-FHR0T AfeTam1 # SO <AAH TR} B TAT hko, ko YT B TR 7| AR} Aferat R mRIfda
fawrar=R I’ ar -

(A*) (hk — Amin) d@aT B (B) (Ak — Amin) TICTT B

(C) Mo FEQAT & (D) Ao TICTT B

By increasing the operating voltage, Ak does not change but Amin decreases

IRIMT 9T g™ R A IR &1 R IR, Amin I SITQ |
IA

v

Hence 37d:, Ak — Amin IS |

According to Moseley’s law the ratio of the slopes of graph between J\7 and Z for Kg and Ky is :

Al & FRAgER Vv 91 2B 7 T B @Tel BT U Kp 3R K, b o €
, 2 27 33 22
(A 57 ® 3 (C)\/; ©) \33

_ f 1 _ ? 1
qé\/K“ —K(Z—OL)X 1—Z ¢VKB —K(Z—a)x 1—§
K,
Ratio for K—?B 3:|' qrd =

_ 2
. 27

Tefera)

/\
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25. If the frequency of K« X-ray emitted from element with atomic number 31 is f, then the frequency of Kq
X-ray emitted from the element with atomic number 51 would be (assume that screening constant for
Ko is 1) :
IfE wRATY] HHG 31 Al dd ¥ Fde arell Ko X-fRor @1 omgfd f 2 @ uRery] e 51 9t a« ¥
e arell Ko X-fvor &1 Jmafiy 8t (WY &1 Ko & forg akiReror faais 1 8) -

5 51 9 o 25
A St ® 3 © 1 ©) 5 f

Sol.  hf=13.6(Z-1)2. (1-%}

—136x S (31-1Y
4
3
hf =136 x 7 (51~ 1)
f' 50

2
— = — = f =
f 307

2
9

Atomic Collisions URHTIGR TIHR (HECT)

26. An o particle with a kinetic energy of 2.1 eV makes a head on collision with a hydrogen in ground state
atom moving towards it with a kinetic energy of 8.4 eV. The collision.
(A) must be perfectly elastic (B) may be perfectly inelastic
(C*) may be inelastic (D) must be perfectly inelastic

2.1eV TS Sl & UH a—PYI, TESIo WRATY I o 37T § 1 fb 8.4 eV IS ol A IADI TRb
TR &, 99 TIHR IRAT § | 9 TIDN -

(A) T0T TIReT B | (B) qof Jruca=er 8 el B |
(C*) TR B Fhell B | (D) QU1 SRR TIHI B |
Sol. The maximum kinetic energy avaiable for transition to potential energy/excitation energy is :
Refors Soit a1 IASH Hott & AHAY B forg Suerer ifdrdmaq wifast ot
1 MMy 2
2 m, +my
= dmm, (Va + VH)2= 2m (Va? + VH2 + 2VaVh)
5m 5

:2_m 2E, +2E“+2. FE'OL.ZE” :3 £'+2><8.4+2><\/2.1><8.4 =10.5eV >10.2 eV
51| 4m m 4m m 5| 2

Hence, inelastic collision is possible. 3T MR TIHR =T ¢ |

27._  The photoelectric threshold wavelength of tungsten is 230 nm. The energy of electrons ejected from its
surface by ultraviolet light of wavelength 180 nm is
SReA @1 gebre fagd dgell dReed 230 nm 21 180 nm TE] b URISIT YHI ERT 3HD dd 4
SARTd seael @I SHoll & —
(A) 0.15 eV (B*) 1.5 eV (C) 15 eV (D) 1.5 keV

Ans. (B)

hc hc  12400eV[500] _
1800 2300 1800x2300

Sol. 1.5eV
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28._

Ans.
Sol.

29,

Ans.
Sol.

In an X ray tube the electrons are expected to strike the target with a velocity that is 10% of the velocity
of light. The applied voltage should be
X =1 aferdt § gaag= U & 97 & 10% 97 & A1 a7l e & THRM a1l = | IIRIT fawa g

(A) 517.6 V (B) 1052 V (C) 2.559 kv (D) 5.680 kV
©)
Ve =0.1C = 0.3 x 108 m/s
Assuming non-relatioistic case :
9.1x9x107Y 81.9
V= = X
2x1.6x107° 3.2
= 2559 volt = 2.559 kv

100

In and atom an electron excites to the fourth orbit. When it jumps back to the energy levels a spectrum
is formed. Total number of spectral lines in this spectrum would be

TH WA H H goidgi= e del W SN BT ¥ | Ofd I8 AN Soll Wikl W gEdl 8, O Uh avisH
I B | S qUIHA H qUIHHRI T8 B Fol T 8RN

(A)3 (B) 4 (©)5 (D) 6

(A)

Since there is only one atom, so number of line will be 3

PART -1l : SINGLE AND DOUBLE VALUE INTEGER TYPE

AT - 1l : Udhd U4 fg—quri® AM YR (SINGLE AND DOUBLE VALUE INTEGER TYPE)

1.n#

Ans.

In an experiment on photoelectric effect, the separation between emitter and the collector plates is 10
cm. Plates are connected through an ammeter without any cell. A Magnetic field B exists parallel to the
plates. The work function of the emitter is 2.39eV and the light of wavelengths between 400 nm and
600 nm is incident on it. If minimum value of B for which the current registered by the ammeter is zero
is n x 10°6 T. Then find out value of n (Neglect any effect of space charge). (Assume emission of photo
electron to be randomly every possible direction)

—
X X X 10cm
X y

TEh UBI fagld wua wiev § Scuid ol WUEd wicl & 9 ¥ 10 cm § J1 S I 99 & U@
Iex ¥ Sirsd B |

wiel & HEY A $9b AR RO &3 B SURYT & | Scsid $ BRI Bad 2.39 eV § Tl ufcd
THTR Y dRITaed 400 nm 1 600 nm & AL 8| B HT FATH AM N x 106 T 8 @ n &1 A4 910 HRY
e ford arfiey g1 Sl ORT TR B | RIS & 3 IMMARN & YHIa A 0g 714 | (BISISAdg= &l
IS J% awg foen 7 argfes @)

57
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Sol.

Ans.

Sol.

3n#

AnNs.

If the electron emitted with maximum velocity and tangentially does not reach collector plate, no other
electron will reach and the ammeter reading will be zero maximum kinetic energy of the emitted
electron.

Ife s o et YT A a1 SR SIS WUES Wie W D UFAd B, BIs W goag @
UEAM qAT SRR BT UIGATH I RN TAT ScANSII Seldg i Bl AfdHad st Hoil

v = [ _230ev| 0]

2 400 nm
For electrons not to reach the collector plate, B should be such that

gIdgd ® GUED ©Ic dP o] Ugd & oy B $9 UHR 1 <1y

2
eVmaxB = —mvmax R= E =5cm
R 2
Bz MVia _ m__ j2( N S39ev]| =57x10%T,
e.(5cm) ex(5 cm) \m{400 nm

A light beam of wavelength 400 nm is incident on a metal plate of work function 2.2 eV. A particular
electron absorbs a photon and makes some collisions before coming out of the metal. Assuming that
10% of the instantaneous energy is lost to the metal in each collision. Find the minimum number of
collisions the electron can suffer before it becomes unable to come out of metal. (use hc = 12400 eV A)
Tdh 400 nm TRISEF Il THRT Gl 2.2 eV S Head drell gifcdd wic TR 3Tufad 8 & | dig e
gAAG U HISH &1 ATV BT & d1 e7fad e A qeR Fde § U8 8 TqaH Il 8| T8
AR B IS TTFPR H ARETOTD Holl BT 10% o7 H BT BT 2 | SURIGI ARV H SeAdeid Bl CIbRI
D FATH G IATY AT T8 1 A e o1 3 | (he = 12400 eV A STIRT Hv)

4

4

E.. = Energy of the photon ®BIEH &I ol _he _ 124x10°
A 4000

KE ofe =3.1eV

For e~ not to come out, its energy should be less then 2.2 eV.

e @ 9IER ol MM & foIv 39dT ol 2.2 eV H & 8l a1V |
ie., (3.1)x(0.9)"<22 n>4

In the figure shown electromagnetic radiations of wavelength 200nm are incident on the metallic plate
A. The photo electrons are accelerated by a potential difference 10.2 eV. These electrons strike another
metal plate B from which electromagnetic radiations are emitted. The minimum wavelength of the
emitted photons is 100nm. Find the work function of the metal ‘A’ (in eV). Use hc = 12400 eVA,

RATTAR 200nm TR aTell g grar fafeRor gifkad <ie A WR Mfad B[l § | BIel solagid @I

10.2 eV fwa=R & @RT fFan SIa1 2 1 98 selae@ SO g1fa® <ie B 9 <o &, e faga geeom
T et 2 | SRTT 8 arel B & <JAad awesd 100nm B | 91g ‘A’ &1 S B (eV H) w1
HRI | (hc = 12400 eVA, BT TIRT &)
AA¢200nm

O T8

A,=100nm

(|
'ho.2v

A

( hc hc
W = -
200x10%e 100x107°%e

+10.2)eV =4eV
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Sol. W =work function of plate A ™I A ®T B Bl

h—C—W = KEmax
A

Energy of the electron before striking the plate B is
I BY THIE A UBA SAdCIT PY FHoft

KE. = (%—w}ev - hc

min

_ 12400 12400
200x10 100x10

]+10.2} eV =4 eV.

4x Consider Bohr's theory for hydrogen atom. The magnitude of angular momentum, orbit radius and
frequency of the electron in nt" energy state in a hydrogen atom are, r & f respectively. Find out the
value of 'x', if (fr/) is directly proportional to nx.

BIERIor WA & ford dier Rigrd o1 A1 | BIEEIOH TRAY & n 9 Soll WR a1l ST & profia
HIT BT gRATT, Fefa B qen mafa @ 719 H9e: £, r3iR 2| 'x', &1 949 91d SRY I 99 (fre) A

n< & FATURN 2 |
Ans. O
1 v
Sol.  fr/ f=2 = —
T nr
= — Xrx/{ = ixﬂ
2mr T 21
V, X z
o .
= n, o _ independen of 'n' | w@ad
2n 2n
So 3T, fr¢ a n°.
5. The first excitation potential of He* ion is n, and the ionization potential of Li** ion is m then find out
value of m/n.

He* 3MI9 &1 Ul SIoH fA¥d n & T Lit* ¥ &1 3= fawa m 8 @ m/n &1 719 519 &) |
Ans. 3
Sol. For Ist excitation potential at of He

He @ Yo SaiolF fawa & forg

ni=1 m=2 z=2

AE = Er— Ei = -13.6 (2)° (iz—iz] = 40.8 eV
f i
So excitation potential = 40.8 volt 3T e fawa = 40.8 volt
For the ionisation of Li** Lit* @ emaee & forg
n=1 n=owo z=3
2
AE = Ei— Ei = -13.6 (2)? (iz_izj - 113627
nf r]i r-li
2

= ﬂ: 1.224 x 102 eV

@
So excitation potential = 1.224 x 102 Volt 3ra: Swio fava = 1.224 x 102 Volt
122.4

40.8
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6.

Ans.
Sol.

Ans.
Sol.

A neutron moving with a speed v strikes a hydrogen atom in ground state moving towards it with the
same speed. If the minimum speed of the neutron for which elastic collision dose not take place is
3.13 x 10"m/s, then find out the value of n. (The mass of neutron = mass of hydrogen = 1.67 x 10-27kg)
Th v A I TRRlid g, T AT ¥ 3Eal AR A BRI §Y A AT dTel BIggIoM WA A
THIAT B | YA B <LAGH a1 3.13 x 10" m/s B, A n FH A9 A HRY, s fog <R g/aRe |
= (RIS @1 g9 = gTgslol &1 Segd= = 1.67 x 10-27kQ)

4

In case of inelastic callision, the H-atom will be in excited state. The minimum energy will be when it is
perfectly inelastic is, the two (n) and (H) both come to rest will move will same velocity i.e.

JUARY TIPR ¥, H-TRAOT I AaRAT A BN | 59 I8 YUich: AUIRY BN 9 FAqd SHofl 8N 3efia
(n) @ (H) S ReR &1 1Y 3rerar | 97 ¥ ey b |

nv +vH- n+H
from energy conservation ol HRE0T |
2x Lme=g v= |E ;
2 m

v= fLey =3.13 x 10* m/s
1.67x10

where E is the excitation energy ST&l E S<ifTd ot 2 |

Electrons in hydrogen-like atoms (Z = 3) make transitions from the fifth to the fourth orbit and from the
fourth to the third orbit. The resulting radiations are incident normally on a metal plate and eject
photoelectrons. The stopping potential for the photoelectrons ejected by the shorter wavelength is
3.95 V. The work function of the metal = x ev. Then find x (Rydberg constant = 1.094 x 107 m1)
TSSO AGY WA (Z =3) H soiag Uaq ¥ =g dn aged | g el H A1 | S AR
g1 ©Ic ¥ UP Folagi IcAd B © | Y TSR §RT ScAfoid [y T YRl Seidg = &1 FRie
faa 3.95V B | o1 &1 BRI%T =x eV ® 99 x 7a &1 | (Rsat fadis = 1.094 x 107 m)

2

The stopping potential for shorter wavelength is 3.95 volt i.e., maximum Kkinetic energy of
photoelectrons corresponding to shorter wavelength will be 3.95 eV. Further energy of incident photons
corresponding to shorter wavelength will be in transition fromn=4ton = 3.

Es_3=Es—Esz= ~(136)3)" ["(13'6)(3)2 } =5.95 eV

(4)° (3
Now from the equation,
Kmax =E-W
we have, W = E — Kmax = E4-3 — Kmax
=(5.95-3.95) eV =2¢eV
g Wewl & for PRI fawa 3.95 volt &, 3 oY T & AT Ifoid TSRl Soidg= Bl
AfHaH TS SHoft 3.95 eV dAqT I8 N =49 n = 3 FHAYN & HROT 817 |

Es-3=Es—Es=- _(13'62(3)2 - {_(13'6)(3)2 } =5.95eV
(4) (3)?

Kmax =E-W
3d: W = E — Kmax = E4 -3 — Kmax
=(5.95-3.95)eV=2¢eV
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8.

Ans
Sol.

Sol.

An electron of energy 20 eV collides with a hydrogen atom in the ground state. As a result of the
colision, the atom is excited to a higher energy state and the electron is scattered with reduced velocity.
The atom subsequently returns to its ground state with emission of radiation of wavelength 1.216 x 10~/
m. If the velocity of the scattered electron is 1.86 x 10" m/s then find n.
20 eV Sll dTell Solagid 3Te el H ReR BIggIoM UWRATY] ¥ THICT & | Holkawy BIgsior Saiford
ARl # UET WAl § q7 Sodg{ udl g8 9Tl ¥ Y B Wrar ¥ WA 1.216 x 107 m aReaed
el fAfHRoT B SARTT FRD ST AT H AT 2 | 3R T geragd al 3ifad arad 1.86 x 10" m/s
g, 9 n =a fHw |
n=6
The energy lost by the electron in exciting the hydrogen atom equals the energy corresponding to
radiation of = 1.21 x 107/,
AT BI TAST Hoft § B A = 1.216 x 107 m el TR & HI SHoll b aRrax 8l |
hc _ 6.63x10* x3.0x10°
A 1.216 %10’

=16.36 x 1071°J
Reduced energy of 'e' goiagi @I O §g Soll
E=20x1.6x107'-16.36 x 107*°
E=15.64 x 1071

=hv =

The velocity v of the scattered electron is given by U goideid @& ared
lmv2 =E
2
2EV _ (2x15.64x107% )"
or v | = = [
m 9.11x107%

=1.86 x 10% ms™

Calculate the value of X if magnetic field strength at the centre of a hydrogen atom caused by an

electron moving along the first Bohr orbit is gT :

BISRISM URATY] &I Ugell d18% Hel § TRl Soldagid & BRU 3696 dws IR g &89 $I dadl gT
A X BT FH AT B

Ans. 25
o
\
Effective current Tl GRT
I= e_(D
27
- Mol
2R

Bl _ M €0y, eV
2R 2 '27rR 4n R?
(2.19x10°)

=107 x 1.6 x 1018 x —~— ="~ £
(0.529 x1070)?

=125T= %T
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10. Radiation from a hydrogen discharge tube (energy of photons < 13.6 eV) goes through a filter which
transmits only waves of wavelength greater than 4400 A and is incident on a metal of work function
2.0 eV. If stopping potential is n x 1072 volts. Find the value of ‘n’
gTgsio faasie Aferdt I fafeRor (Bic @ o1l < 13.6 eV) & fheex I [OiRdl § Sl $ad 4400 A |
s TRTeed arefl fafdell &1 uRAfAG wRA B ol 2.0 eV BRI Had dTet €1 W AUl B g | afe
fRIE fawa nx 102 diee 8 A1 n &1 A 910 B |

Ans. 55

Sol. Vo= — -2
e

4400
= 0.55 volts = 55 x 1072 volts; n =55

4
_ (l.leO —2]volt

11. The ionization energy of a hydrogen like Bohr atom is 4 Rydberg.
If the wavelength of radiation emitted when the electron jumps from the first excited state to the ground

state is N-m and if the radius of the first orbit of this atom is r-m then the value of ? = P x 102 then,

value of P. (Bohr radius of hydrogen =5 x 1071 m; 1 Rydberg = 2.2 x 10718 J)
BISRIOM T 8% URATY B AR SHoll 4 RS 8| 99 Solagia Usell Scior faveql 9 o gl |

T B 1 Safra fafdRer & R N-m%@gﬂm?ﬁﬁ&?ﬂ&%ﬁmr-m%aﬁ%szlOZ

B A P BT AN B (BTSSIo @I aleR Boar=5x 101 m; 1 Rsat = 2.2 x 10718 )

Ans. 12

Sol. (a) In energy units, 1 rydberg = 13.6 eV. The energy needed to detach the electron is 4 x 13.6 eV. The
energy in the ground state is, therefore, E1 = —4 x 13.6 eV. The energy of the first excited state (n = 2)

. E - . .
is E2 = 71: 13.6 eV . AE =40.8 eV. The wavelength of the radiation emitted is

}L:h_c
AE

(b) The energy of a hydrogen-like ion in ground state is E = Z2Eo where Z = atomic number and
Eo=-13.6 eV. Thus, Z = 2. The radius of the first orbit is a?" where ao =5 x 10~ m. Thus,

r=2 —25x1011m

Sol. (a) ol A5 H, 1 RS = 13.6 eV Solag™ Bl AT IR & oy AT ol 4 x 13.6 eV 3 oA

JaRAT H Holl E1 = —4 x 13.6 eV B YA NI AG=RAT (N = 2) DI Hoft Ez=%:13.69V. AE = 40.8

eV Scafsid fafexor & axvesdf 2|
hc

AE
(b) BTSSISM AGY URHIY B o AaRAT H Holl E = Z2Eo 8 W8l Z = WA HHd d Eo=—13.6 eV e |

o Z =2y @ @ B a?om a0 =5 x 1011 m. 59 YBR

r= 20 _25x1011m
Z
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PART -1l : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

AR - 11l : TP AT Ub 9§ 3P 98 fAdey yoR

Sol.

Sol.

Photoelectric effect supports particle nature of light because

(A*) there is a minimum frequency below which no photoelectrons are emitted

(B*) the maximum kinetic energy of photoelectrons depends only on the frequency of light and is
independent of intensity.

(C*) even when the metal surface is illuminated with very small intensity the photoelectrons (if v > vtn)
leave the surface immediately

(D) electric charge of the photoelectrons is quantized

gl fIgd 9a Udrel & &1 UGfa &1 §edE &Rl B, difs —

(A*) U gAdH 3MIRT & 1 BIg Bl goidsi= Ioafoid &1 8d ¥ |

(B*) BICI Soagd &) IIEHaH st SHoff dad AMUfad YHTe &) 3Mghy W R axell & T2 g|a daan
R R T8 o=l 2 |

(C*) 19 9Tg H |dAE B 9gd B Agdl & BT F FHIMAG B & a1 DIl garagi= (IR v > vin) T
{e ¥ R e 2

(D) ®IeT Seidei= W faed amae Fardipd g § |

The photo electric effect can be explained if photon is considered as patrticle i.e.quantum nature

THTe IEA YN BI ARAT BITH ST B AFE IR 99 5 | (I Faved gah)

Select the correct alternative(s):

When photons of energy 4.25 eV strike the surface of a metal A, the ejected photo electrons have
maximum kinetic energy Ta eV and de Broglie wave length Aa. The maximum kinetic energy of photo
electrons liberated from another metal B by photons of energy 4.70 eV is Ts = (Ta - 1.50) eV. If the
de-Brogleie wave length of these photo electrons is As = 24, then:

(A*) the work function of A is 2.25 eV (B*) the work function of B is 4.20 eV

(C*) Ta=2.00 eV (D) Te =2.75eV

|8 fdwed,/ el @1 g -

9 frdl arg A @1 Id8 WR 4.25 eV FHoll BT BITH THRIAT 8 Al I B! Selagid dl Af¥dmad o
SOl Ta €V AT S—ITell TRTC Aa® | QU 3 Aais B A 4.70 eV &Hofl & BIH gRI GBIl
SAdSH B IMAbad TSt Sl Te = (Ta -1.50) eV B AR 37 BIcl Sodedl @1 SI—s1TTell d¥ieed
AB = ZKA%, a9

(A*) A BT HTIHeT 2.25 eV B (B*) B &1 ®RI%Ha 4.20 eV 8
(C*) Ta=2.00 eV (D) Te =2.75eV [JEE 1994, 2]
Ans. ABC
Kmax = E —-W
Therefore gfaY |
Ta=425-Wa .. ®
Te=(TA—-150)=4.70—-Ws  ...... (i)
Equation (i) and (ii) gives,
FHlo (i) @ (ii) 9,
Ws—-Wa=195eV ... (iii)
de-Broglie wavelength is given by
SI—SRTell TR
A= orgl Ao i

h
J2Km VK

K = KE of elecron gcidgid @1 TfasT Sl .
KA

KB

te
Ma

/\
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K-\

Ans.

Sol.

or I 2= T or I1 Ta=2eV
T,-1.5

From equation (i) IHlo (i) A
Wa=425-Ta=2.25eV

From equations (i), o (iii) &
We +1.95eV =(2.25+1.95) eV

ordl We=4.20eV.
Te=4.70-Ws =4.70-4.20 =0.50 eV.

Consider a hypothetical hydrogen like atom. The wavelength in A for the spectral lines for transition
fromn=pton=1aregiven by :
1500 p?

p* -
(A*) The wavelength of the least energetic and the most energetic photons in this series is 2000 A,
1500 A.
(B*) Difference between energies of fourth and third orbit is 0.40 eV.
(C) Energy of second orbitis 6.2 eV
(D*) The ionisation potential of this element is 8.27 V.
T SIS Bgglo T URATY] & Hedl BRI | n=pA N =13 WFARRY & oI Wagd @1 Bl

et AH e &) ol 2 -
" 15020 p>
p°-1
(A) 39 SO0 & FATH SOl d ANHTH Holiard arel Bl HI deed HHe: 2000 A, 1500 A5 |
(B) el @ AT wen 1 Soilell @ Heg |k 0.40 eV R |
(C) fahra e o Soif 6.2 eV R |
(D) 39 T &1 A= favg 8.27 VR |

(a) 2000 A, 1500 A,
(b) Assume energy of level 1 to be zero

TR 1 B Sl I AW

A= where p = 2, 3, 4, ... (given hc = 12400 eV/A)

el p = 2,3, 4, .. (&1 T g he = 12400 eV/A)

------------------ Es=7.75eV
------------------ Ez=7.35eV
------------------ E>=6.2eV
------------------ E1=0eV
(c) 8.27 volt
5 = 1500 p> _ 1500
p> -1 1-1/p®
€) max = LOOZ = 4 x 1500 A = 2000 A
1-1/2 3
Amin = ﬂ = 1500 A
-1
002
(b) X2A1:@:ZOOOA
1
1-=
4
AE2 51 :h_c = @ev =6.2¢eV
A 2000
roo1= 20929 L1500 A
1 8
1-=
9

/\
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Ans.

Sol.

AE3 1= glzﬂ eV =7.35¢eV
—x1500
8
AEs 1 = 1612& ev=7.75eV.
~——x1500
15
Assume energy of level 1to be zero &R 1 & $Holl I AT
------------------ Es=7.75eV
------------------ Es=7.35 eV
------------------ E»=6.2 eV
------------------ E1=0eV
(c) lonization energy SIDEE R
E=(o—1)= 22200, _gr7ev
1500

The ionization potential 3a== fawa = 8.27 eV.

A sample of hydrogen atom gas contains 100 atoms. All the atoms are excited to the same nt" excited

state. The total energy released by all the atoms is 4800

Rch (where Rch = 13.6 eV), as they come to
the ground state through various types of transitions. Find

(A) maximum energy of the emitted photon will be less than j—g Rch.

(B) maximum energy of the emitted photon may be grater than % Rch

(C*) the valueof n =6
(D*) total number of photons that can be emitted by this sample may be less than 600.

TP BIESioM WA 19 & T § 100 TRAY & | A TRATY BT FAM n' Holl aee] dd Idford [dar
AT & | 519 I8 URAY] fAf=T FHH0T HRA Y qA fARAT H T & Al Wl WRATYSN §RT IAMId Bl Holl
4800

Rch (ST&f Rch = 13.6 eV), 8 | SITd &I -

(A) SARTT BIEH B AfRHTH Sl j—chh@rao‘qz‘Fﬁl

(B) Sfid wIeH @ siftrma o %Rchéa@ms‘l@ﬁﬁ%|

(C)n=6 BT
(D) 39 T §RT SANIT & AdH Tl IBTH WISl B fof He&dl 600 F FHH & Fohall B |

. 48 .
0] 5 Rch, (i) n = 6, (iii) 600

(i) Maximum energy from one atom TS URATY] 9 AfAHaA Foll
_ 4800 h 1 48

= ——Rchx — = —Rch
49 100 49
(i) AE = 13.6 1—% eV
(n+1
:4—8><13.6:13.6>< 1- 1 | = n=6.
49 (n+1)

(iii) Since n = 6 is the excited state. An atom can emit a maximum transition of 6.
TP n =6 IR 3faARRAT 8 TP URATY] AHaH AHAY faRRAT 6 TP AT DR Fhall 2 |

Total no. of photons BTl &1 g H&T = 6 x 100 = 600.

/\
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5.

Sol.

Sol.

One hydrogen atom in its ground state is excited by means of monochromatic radiation of wavelength
975 A. You may assume the ionization energy for hydrogen atom is 13.6eV
3T araRenl § ReR U gggro WA 975 A arel fafdwor g1 S<fsa fan wiran 2| Scaeia WagH #
-1 Y@ ura B8Rl | AR fF ETssIeT TRATY B SR Sl 13.6eV & |
(A) Total number of lines in emission spectrum would be 6.

(B*) Energy difference between 3rd and 4th orbit is 0.66 eV.

(C*) logest wavelength in emission spectrum would be 1.875 um.

(D*) smallest wavelenth in emission spectrum would be 975 A.

(A) SR Wagd § I@sl & G G 6 8 Fadl B
(B*) 3rd T4 4th BefT & Heg Sl Bl <R 0.66 eV & |
(C*) IoH WagA § ITadq awieed 1.875 um 8T |
(D*) IS WIgH H TgaH aRieed 975 A B |
Energy corresponding to given wavelength :

12375 _ 12375
Ain A) 975
Now , let the electron excites to n'" energy state. Then,

En—E1=12.69
(-13.6)

(n*)

E (ineV) = =12.69 eV

—(-13.6) =12.69 eV

C n~4
i.e., electron excites to 4th energy state. Total number of lines in emission spectrum would be :
nn-1 _ 4><3_6
2 2
Longest wavelength will correspond to the minimum energy and minimum energy is released in
transition fromn=4ton = 3.
-13.
Es-3=Es—E3= ﬁ—
(49)
. Longest wavelength will be ,
12375 12375
Amax = - =
E(in eV) 0.66
=1.875 um
T aRE & GIa Sl
12375 12375
Ain A) 975
AMT @ Soag= nth Bl wWR § Ugd Wl 2 |

-13.6

—Z\J =0.66 eV
3)

A=1875x10%m

E (ineV) = =12.69 eV

En—E1= 12.69
(_12'6) —(-13.6)=12.69 eV
(n%)
n~4

%ﬁaﬁmﬂhmﬁwﬁq@méaﬁzwﬁqwﬁqﬁmﬁaﬁm

frHaH dRed n =49 n =3 FHAT B GG BT
-13.6 (-13.6
4%) _( (3
12375 _ 123754 _ 1 g75x 100 m
E(in eV) 0.66
=1.875 um

Esa-3=Es—-E3z= ] =0.66 eV

Amax =

/\
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6.

Ans.

Sol.

Sol.

Consider an electron orbiting the nucleus with speed v in an orbit of radius r. The ratio of the magnetic
moment to the orbital angular momentum of the electron is independent of :

(A*) radius r (B*) speed v

(C) charge of electron e (D) mass of electron me

Y &5 Tf® @ Felm d TP goianid r Hel B o § A v IR § | geldni Bl gHEer et
Td BN HIT P1 rgurd R TR FRar ©

(A% Brean (B*) IT1 v
(OESEEEEIRSIENT (D) SoIagi[ BT STAT Me
(A, B)
v
—e

mv?  k(ze)e

rr
kze®
mr

sze2
V:
mr
i-[&v
2nr
_[(ev) «_[&v
P 2w 2

¢ =mvr
L ok_ewr (e
¢ 2mvr 2m

Consider a metal used to produced some charateristic X-rays. Energy of X-rays are given by E and
wavelength as represented by A. Then which of the following is true :

B ATAEOE X-[HR0 I BT B Y T G1g B Uga B @1 2| ukb X-[BR0T B FHei E
ERT &1 Wl 8 9T TRIQed L §RT YA &1 Ol 8 a1 79 H | 319 9 2 |

(A) E(Ka) > E(Kp) > E(Ky) (B) E(Mo) > E(Lo) > E(Ka)

(C*) MKo) > M(Kp) > A(Ky) (D*) M(Ma) > A(La) > AM(Ka)

Kq : transition from 2 —» 1

Ko : 2 — 1 GhH0l

SimilarlyforKg:3—>1,K,:4—>51;La:3>2:Mx:4—>3

THUPR Ky & folt 18351 ,K:451:Le:3>2:Mo:4—>3

Now we can compare energy and A .

G TH Soll qAT A B JoIl R Fhd 8 |

V2=
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8.

Sol.

Sol.

10.

Sol.

The potential difference applied to an X-ray tube is increased. As a result, in the emitted radiation,

(A*) the intensity increases (B) the minimum wavelength increases
(C) the intensity remains unchanged (D*) the minimum wavelength decreases
Ifg X-foxor Aferet o IRINT favaR g &, aRvmRawy Scafsia fafdor # —

(A%) Taar geit (B) =ATH TReed e

(C) <fraan smfafia =M (D*) ATH aReed T

As the potential difference is increased, the kinetic energy is increased. The total energy of x-rays
emitted
will also increase hence intensity will increase. Also the shorter wavelengths will also decrease.

fva=R de™ 9 e ol gedl § | Sfid x-fhRol @ fa ol A g o daar g | A
T 1 v |

X-ray falling on a material

(A*) exerts a force on it (B*) transfers energy to it

(C*) transfers momentum to it (D*) transfers impulse to it

grg WR 3ruferd X-fhRor

(A%) 39 TR g o & (B*) 3P Holl ARG BT B
(C*) 3P | WIMARA BT & (D*) SHD! AT WRIFTIRG B B

Photon exerts force due to change in momentum photon transfers its energy to the material. Photon
transfers its energy to the material.
Since, it exerts force, hence imparts impulse also.

BIEH T | gRIdT @ BRU g Al 2| BISH D] Sl gared Bl RMAIRd Bl ® | 31 g
ST B | ST AT |l e © |

In an x-ray tube the voltage applied is 20 kV. The energy required to remove an electron from K shell is
19.9 KeV. In the x—rays emitted by the tube (hc = 12420 evA)
(A*) minimum wavelength will be 62.1 pm
(B*) energy of the characterstic x—rays will be equal to or less than 19.9 KeV
(C*) Lo x—ray may be emitted
(D) Lu x—ray will have energy 19.9 KeV
T X—fbvor At # RIAT dicear 20 kV 21 K B3 A Th goldeld Pl g & o 3aehqed Foff
19.9 kev 2 | AferdT gRT SwfTa X—fxoit #, (he = 12420 evA)
(A) =FTH TeEd 62.1 Pm 8T
(B) S1femerfores X—faxoil & it 19.9 kev & SRTER A7 $HH HH BRI |
(C) Lo X—fpRor Scafdid & dad 2|
(D) La X—f&R01 @1 SHott 19.9 kev BT |
(A) Minimum wavelength will correspond to maximum energy i.e.,from o to k.
BT Foit AT o F k TPh B AT gATH axIeed B |
AE =19.9 KeV
4
Amin = %A =0.62 A
19.9x10
= 62 pm.
(B) Energy of the characteristic x—rays will be less than corresponding to « to K—shell, hence than 19.9
keV.
AFAATEANE x—FBUT B Foit A= F K—PBIe & G ol F HH 8 rafq 19.9 keV
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11.=

Sol.

12.

Ans.

Sol.

In an X-ray tube the accelerating voltage is 20 kV. Two targets A and B are used one by one. For ‘A’
the wavelength of the Kq line is 62 pm. For ‘B’ the wavelength of the L. line is 124 pm. The energy of
the ‘B’ ion with vacancy in ‘M’ shell is 5.5 keV higher than the atom of B. [Take hc = 12400 eVA]
(A*) Value of Amin is 0.62 A.
(B) A will emitte Ka— photon.
(C*) B will emitte L — photons.
(D*) minimum wavelength (in A) of the characteristic X-ray that will be emitted by ‘B’ is 0.8 A.
X-fopror AAfert # @RI fawa &1 A9 20 kV © | &1 <69 A TA1T B HA3: WA | ol 9 © 1 e ‘A’ &
fT Ko Y@ &1 T 62 pm 8| IRy a8 ‘B’ & foly Lo X@1 & TRaeed 124 pm 2| ‘B’ I & forg
‘M TR § Reh & forg Soif &1 919 wRAr] 'B' & Aue 5.5 keV SATET & | [FART & he = 12400 eVA]
(A) A, BT AT 0.62A B
(B) ‘A", Ko—hIEiA IcafTd &xm |
(C) ‘B’, L-TeiF Scfoid & |
(D) 'B' g1 SAfta iffererfres X-fawor @ <gaw avweed 0.8 A 8rf |
hc - 124003 A =062 A
K.E. of e 20x10
(B) Since Amin = 62 pm, Ko from A will not be obtained
FfH Amin = 62 pm, AF Ko U1 &1 81T |
(C) L—photons can be emitted if electron from L—shell can be removed the energy required to remove
L—shell
electrons.

L-pIeq SIfsfd F8l 81 dddl & Ife L—d1e | Soldg= 8el faar Sy @ L-313 9 goideid &l 8eM &
ferg

(A) Amin =

=62 pm

ol IaITD & |
EL = M=®T9 &1 SHofl + L T M=PII & HE HAHHA SHoll
= 55.5 keV + _ 12400 eV =15.5keV
124 %1072

As the energy of encoming electron is 20 keV > 15.5 keV, the L—shell electron can be removed. Hence,
L
photon can be obtained.

(P AT dTel gerag= B Hall 20 keV > 15.5 keV 8, L-BTY & Seldhgid 8 Ol AHd © | 37d: L-hIeH
T
B A& 2 |
The minimum wavelength will correspond to the transimition from oo to L—shell.
ATH T 3T W L-PI TP HHHA & A BT |
12400
~ 15.5x10°

A=08A.

When Z is doubled in a hydrogen like atom, which of the following statements are consistent with Bohr's
theory?

(A) Energy of a state is double (B) Radius of an orbit is doubled.

(C*) Velocity of electrons in an orbit is doubled. (D*) Radius of an orbit is halved.

I o =A] & foy Z g & @1 791 d 9 3199 o dieR g 9 981 © -
(A) TR B Foll g B oIl B | (B) &1 o1 a1 g+ 81 Il B
(C) fordlt w1 # gAGEA BT AT AT & WU 2 | (D) Bed B Fram amef & ot 7
CD

1
vocz and den rec —.

z
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13. Let An be the area enclosed by the nt" orbit in a hydrogen atom. The graph of /n (An/ A1) against In(n)

AT & BESIoH WA § nd F& BT ATBA An2 | 0 (An/ Ar) BT n(n) & ATUE T

(A*)  will pass through the origin I fadg 9 o

(B*) will have certain points lying on a straight line with slope 4
AR W1 B T g9 (b faeg R <1eT 4 B

©) will be a monotonically increasing nonlinear curve
UHiGT qEIHE SRW™ a6 81T

(D) will be a circle g BRI

/n 2:

Sol. /nn
An = 1r? = 7t (ro n?)?
= ntro? n#

/n % =/n(n*=4/nn.

1

PART - IV : COMPREHENSION

AT - IV : 3JTE (COMPREHENSION)

Comprehension-1

A physicist wishes to eject electrons by shining light on a metal surface. The light source emits light of
wavelength of 450 nm. The table lists the only available metals and their work functions.

Metal Wo(eV)
Barium - 2.5
Lithium - 2.3
Tantalum - 4.2
Tungsten — 4.5

T AIfadiag fHAl o a8 TR USRI MU IRd Foldgd Scdfoid HRAT sl § | YdR &d 9
IfTd e @1 G 450 AARIeR (nm) B | SES U dad 1 O1gd Suae B, e sl he

aiRel F gy & —
T Wo(eV)
IRa - 25
AR - 2.3
SRS - 4.2
SRIRSE | - 4.5
1. Which metal(s) can be used to produce electrons by the photoelectric effect from given source of light ?

(A) Barium only

(C) Lithium,tantalum or tungsten

(B*) Barium or lithium
(D) Tungsten or tantalum

&I T yare W9 @ oy - a1 / gy, YHRT [AgT U §RT Seidgd Scareid R & o START

H ot o gadl 28—
(A) B IRIH

(B*) IR¥w a1 NfdrH

(C) S\ , STaH AT TSR

12400

Sol. =
4500A

AE=2.75eV

(D) TR AT <

....... (1)

for photoelectric effect TaTer fagd g9@ & forg
AE > Wo (work function). (&Tdt%her)
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2.

Sol.

Sol.

Which option correctly identifies the metal that will produce the most energetic electrons and their
energies ?
(A*) Lithium, 0.45 eV  (B) Tungusten, 1.75 eV (C) Lithium, 2.30 eV (D) Tungusten, 2.75 eV
1 9 9 99 a1 Tpea J8 ysRia &=a1 & & 98 o1g 91 If¥eaq Sl T Solagid S BN el
IADB! Holl RN —
(A*) elifergH, 0.45 eV (B) &<, 1.75 eV (C) eliferm, 2.30 eV (D) ©ReH, 2.75 eV
AE =Wo + Ex
(Ex) = AE —Wo
for maximum value of (Ex), Wo should be minimum.
Wo for lithium = 2.3 eV
(E) & Af¥das 99 & oy, Wo =Ia9 891 =iy |
faferm & foag Wo=2.3 eV
(Ex) =2.75-2.3=0.45¢eV.

Suppose photoelectric experiment is done separately with these metals with light of wavelength 450
nm. The maximum magnitude of stopping potential amongst all the metals is
A 6 & S gHTer AR (450 nm) & |1 YHTe fAgd wANT B ST O1gell & Wi a1 Ny 9§
ST & A1 39 AW argell A A feed PR fava @1 aREmr sifteas g —
(A) 2.75 volt (B) 4.5 volt (C*) 0.45 volt (D) 0.25 volt
The maximum magnitude of stopping potential will be for metal of least work function.

.. required stopping potential is

R fawa &1 rfdrwaw aRATeT RETH BRI-Wad arell a1g & forg 8rm |
- maegs PRI fava § —

Ve= W=% _ 45 o,
e

Comprehension - 2

Sol.

The figure shows an energy level diagram for the hydrogen atom. Several transitions are marked as
I, 11, 11, . The diagram is only indicative and not to scale.

o % , TTEgIo =AY & for), ot wR fF qwtar ¥ & fafs dwavr o, 10, 11, I qifed 21
o daa g g, &N m 9 98 9 W g

e} a7
84 4
S
11T tT

Z3 1 s 3 1

g i 1\ I Y ) w A

§ 2 v A4 ‘B 2 4 y

< i

2 5

g1 5 ||

a )

1 1
In which transition is a Balmer series photon absorbed ?
foa v § SR AN ®ieH aenfd B8 —
A1 (B) 1 ©) v (D*) VI
For Balmer series, ni=2, n2=3,4,........
(lower) (higher)
In transition (VI), Photon of Balmer series is absorbed.
IR 9of & fem, ny =2, n2=34,........
(=) (S=d)

HHHAOT (VI), § 9= Aol &1 Wier Sraenfya & Sirgen |
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5.

Sol.

Sol.

The wavelength of the radiation involved in transition II is

AT 119 Fwfd fafero @ axesd sl —

(A) 291 nm (B) 364 nm (C*) 487 nm (D) 652 nm
In transition 11 RERUBIE:
E>=-3.4eV,E4s=-0.85¢eV
AE =255 eV
. L sk
A AE
A =487 nm.

Which transition will occur when a hydrogen atom is irradiated with radiation of wavelength 103nm?

Tq TSRO URATY ,103 FARIER (nm) & wRaeed @ fafdRor § Sivta fea S & @ s daa
BIT?

A1 @)1 ©) v (DY) V

Wavelength of radiation = 103 nm = 1030 A

fafézor 1 aRweed = 103 nm = 1030 A

12400

E= —

1030A
=12.0eV

So difference of energy should be 12.0 eV (approx)
A SHol # AR AT 12.0 eV B SITgT |

Hence 31d: n=1 and T n2 =3
(-13.6)eV (-1.52)eV
Transition is V.

HHATV F |

Comprehension-3

Assume that the de Broglie wave associated with an electron can form a standing wave between the
atoms arranged in a one dimensional array with nodes at each of the atomic sites. It is found that one
such standing wave is formed if the distance ' d ' between the atoms of the array is 2 A. A similar
standing wave is again formed if 'd" is increased to 2.5 A but not for any intermediate value of d.

A @1 & solagia & a1 a96g S-arTell a)a (de-Broglie wave) ; U g sjiaen § @fRerd wRamogsi
® 4/ SR ORI P AT PR Gl 2 |, OrEH UdP RAE Refd R g 2| urn = f$ Ak
g H TRARIT & d g 'd =2 A2 A1 39 UBR B TS JAWAH T I 5| e d BT IR
d=2.5A IR < A1 3 UBR P! TP JUMH T GaRI Il 2| TRg d P! 39 R & 919 d & B o=
A9 & ol OR9 81 9l B |

Find the energy of the electrons in eV

S B Holl eV H AT HIRTY |
(A) 302 eV (B*) 151 eV (C) 75.5 eV (D) 75.5 x108 eV

The least value of d for which the standing wave of the type described above can form.
SRIET YHR Bl AT T P10 & o d BT YA 7149 31 DRI |
(A) 0.4 A° (B*) 0.5 A° (C)2 A° (D) 1 A°
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Sol.  From the figure itis clear that o &1 o' W= & f&

p.(AM2)=2A P-loops
(p+ A2 =25A

YYD
= ————
(P+1) loops H——-M
- A2 - (25_ 20) A =05 A PSS 25A ................. |
or L=1A=10%"m
(i) de Broglie wavelength is given by I ATell aRTeed
a=no N K = kinetic energy of electron K = Seiagid &1 AT Soft
p 2 Km
K= LZ
2 mi

__ (6.63x107*)?
2(9.1x10°5)(10 )2

_[2.415x107" oV
1.6x107*°

=2.415x 1017J

K=150.8 eV Ans.
(i) N@N
The least value of d will be when only one loop is formed
d BT YTqH A T9 B S1d DA G & od ol
dmin = M2
dmin = A2 or dmin = 0.5 A Ans.

Comprehension-4 w
A uniform magnetic field B exists in a region. An electron is given velocity perpendicular to the magnetic
field.Assuming Bohr’s quantization rule for angular momentum.

fodl &3 9 U ¥ gD &3 B SURYT 2| Udh Solagid bl gRad &5 & oedd 99 a1 Sl & |
e & BV G B FEIUSIDHROT Pl A Y

9. Calculate the radius of the nth orbit

ndl P& &1 3oar sid Ry |

m B) "B © e o [T

(A%)
2neB 27 2nB 2ne

10.=  Calculate the minimum possible speed of the electron.

SR D FHIFAT <AdH a1l S HRA |

heB he ?h - eB hem?
A B Y4 C*) ,|———— D
) nm? ®) 27nBm? € 27tm? ) 2nB
2
Sol. evB= v = r= mv
r eB
mvr = % ....... (2)
= 2= m 1
2ne B
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i nh
I'n =
2neB

V_m_i_mi\/ZneB _\/nh-eB

nh 2mm?

Vmin = 2
2mm

Comprehension 5.

11.

12.

Ans.

Sol.

A neutron beam, in which each neutron has same kinetic energy, is passed through a sample of
hydrogen like gas (but not hydrogen) in ground state. Due to collision of neutrons with the ions of the
gas, ions are excited and then they emit photons. Six spectral lines are obtained in which one of the
lines is of wavelength (6200/51) nm.

BRSO 95y (ifdhd eggioM Teh) 1 o f& Ja ool R ¥ 8, 4 S 994 Tfasl Sl arel ggHi &
S oRAT 81 g gRT I SffEE 9 cqpR B UROTEERe, SffdF Swiford o/aRe H uged § a1 d
BISHl BT IS A B | B: WIeHd Y& U< il & R7aH U v @l a’aeed (6200/51) nm 2 |
Which gas is this ?

AR I DI W T ?

(A)H (B) D (C*) He? (D) Li*2

What is the minimum possible value of kinetic energy of the neutrons for this to be possible. The mass
of neutron and proton can be assumed to be nearly same. Use hc = 12400 eVA.

REE B YA TG TSl Holl A Biig e fy I8 ged |Wd 51 U B IR B (o UIeH
AT RS BT TIEE I A A9 AHd @ | TAM X he = 12400 eVA

(A) 51 eV (B) 54.4 eV (C*) 63.75 eV (D) 69 eV.
(a) He*,

(0) Kmin = %AE = % x 51 eV = 63.75 eV

(a) Since there are six spectral lines,. the excited state must be n = 4 as (*Cz = 6)

fFh 6 WagHl Y@ 7 AR a=e n =4 341 f& (4Cz = 6) &R

AE = 13.6 x 22 [i—ij

2 2
r-11 r.12

12400 oy a6y pe L1
6200x10 n;, n;
= 72 (iz—izj = E
n; n; 4
ni=1,2o0r3 ; n: =234
The only possible combination is dId T FIToT
Z=2, ni=2 and eI nz=4
Hence, the gas is He. 3rd: M He B |
(b) The excitation energy of He* He* &1 S<Ioe Solt

AE =13..6 x 4 x (1—%jev =51eV

The maximum energy less during collision of neutron and the atom will be for inelastic collision.
R BT TFPR B IR AAHTH Holl YA BN | 3T URATY] AR TIFHPR BT |
= AE = L MaMye

= v,
2m,+m,, "¢

1+4

eV =63.75 eV.

= (K.E. of n) (RIZA &1 7Ifast &ait)= 51 x
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Bl Exercise-3
= Marked Questions can be used as Revision Questions.

= fifed g Seem O ueE 2

* Marked Questions may have more than one correct option.

* ffted v w6 9 e wd fawed arel wee R -
PART - | : JEE (ADVANCED) / IT-JEE PROBLEMS (PREVIOUS YEARYS)
AT - | : JEE (ADVANCED) / IIT-JEE (R5at a8l) @ =

1. The largest wavelength in the ultraviolet region of the hydrogen spectrum is 122 nm. The smallest
wavelength in the infrared region of the hydrogen spectrum (to the nearest integer) is
(A) 802 nm (B*) 823 nm (C) 1882 nm (D) 1648 nm
TIESIO WagH & RIS &F 31 AHaq aieed 122 nm & | BISgioM Wagd & avad &9 # g9
aoreed (raed o #) 8Rfi—
(A) 802 nm (B*) 823 nm (C) 1882 nm (D) 1648 nm

Ans. (B)

Sol. The series in uv region is Lyman series. Longest wavelength corresponds to minimum energy which

occurs in transition fromn=2ton = 1.
uv &3 3 Rerd for 2oft Rera 2| <rdas dveed <AaH Soil @ Gd & ol b n=2 9 n=1¥Ha0 ¥
Rera 71
_ 1R
122 = 1 1
2
The smallest wavelength in the infrared region corresponds to maximum energy of Paschen series

IR &3 H FTaH el urzed o b AfhdH ol b G B

(1)

1/R
r= (2)
¥

from (1) and (2) A =823.5 nm. FHIHI (1) F (2) ¥ A =823.5 nm.

2. STATEMENT-1 : If the accelerating potential in an X-ray tube is increased, the wavelengths of the
characteristic X-rays do not change.
FYA-1 : A X-fxor afara # @Ra fawa qgrn S a1 siffenetfdre X-fhor @ dweed gRafda w8 g
2l
because Fifd

STATEMENT-2 : When an electron beam strikes the target in an X-ray tube, part of the kinetic energy
is converted into X-ray energy.
FYF-2: 59 gl ol X-[BR0] AfThT & ded | THIAT & Al TSl Holl B FB 91 X-fhor Fhoft |
gRafa & Srar g |
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1
(B*) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement-1 is True, Statement-2 is False
(D) Statement-1 is False, Statement-2 is True.
(A) BUH-198 B, BUF-2 & B; BUH-2 HAF-1%) HE AT Bl 2 |
(B*) HUF-1EY 8, HUH-2 WE! ¥; HUH-2 HUF-1P el AT T8 Bl 2 |
(C) HUH-198! &, HU-2 Told 2 |
(D) HUH-1 TTed &, HUF-2 el & |
Ans (B)
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Sol.

Ans.

Sol.

Ans.

Sol.

Sol.

Both statements are correct but statement (2) is not correct explaination of statement (1).
M1 FUF Y B fg HUF (2) U (1) B FE AR TEI B |

Energy of characteristic x-ray depends on the difference in energy levels.

AATEOTs x-fpvor & SOl TR 3Rl IR ¥R e B |

Electrons with de-Broglie wavelength A fall on the target in an X-ray tube. The cut-off wavelength of the
emitted X-rays is

2 2 2 3
(A%) %o = % (B) ho = ri—z (C) ho = th—ix (D) ho =
S—FITell R A B gorded X-fhvur Afdd & ded R ARG 2 1 SRia X-faxor & srae dxvesd 81
2 2 2 3
(A%) o = % (B) %o = ri—z (C) ho = % (D) ho = A
(A)
oD
»
2 2
KE. =P h

2m 2 m A
If entire K.E. of electron is converted into photon then

Ife selag™ @ FFgel K.E. B A gRafdd 8 S

h? _ hc _2mc)\?
— = = Ao =
2 m A2 A h

Which one of the following statements is WRONG in the context of X-rays generated from a X-ray
tube?
(A) Wavelength of characteristic X-rays decreases when the atomic number of the target increases
(B*) Cut-off wavelength of the continuous X-rays depends on the atomic number of the target
(C) Intensity of the characteristic X-rays depends on the electrical power given to the X-ray tube
(D) Cut-off wavelength of the continuous X-rays depends on the energy of the electrons in the X-ray
tube
X-foR01 el (X-rays) & faell X-fHor & ded # 79 § 9§ P91 o Tad 87
(A) I Feg IRATY HT WA HHAS q1d1 o Al AMAAE X-fHR07 (characteristic X-rays) &1 aRaeed
T
(B) §ad (Continuous) X-fHR0T @t q&efl (Cut-off) TRQed ded URATY] & URATY] HHid UR R ol 21
(C) 3rfraerfored X-fvor @1 daar X-fawor aferet &1 &1 18 fag@ ufte ™ AR &=l 21
(D) Sad X-fhror &Y el aRaed X-for Aferat # sordg™ @) Soff R R BRel B
(B)
hc

Amin = — .

Cut off wavelength depends on the energy of the accelerated electrons and is independent of nature of
target.
1

(z-b)*
characteristic wavelength depend on atomic no and cut off wavelength depend on energy of e~
Amin :h_C .
SEel aXTesd @RA SoagE @ ol IR R Al 8 o d8 A g@fa o) R T8 aRall B
1
(z-b)’
Al deeed WA HHiG R R IR 8 T SEdll des geldagia @ el R R FRal §
Ans. (B)

AKo €

AKo €
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Paragraph :

5n

Sol.

6.3

Sol.

7.3

Sol.

In a mixture of H — He* gas (He" is singly ionized He atom), H atoms and He* ions are excited to their
respective first excited states. Subsequently, H atoms transfer their total excitation energy to He* ions
(by collisions). Assume that the Bohr model of atom is exactly valid.

H — He* 1 (He* Tad JIRMT He WRAY] &) & 501 § H-URATY] qAT He' JRF AUHAI—3d+1 HoH
IR 3faRen # I[N 8 | 9P 918, H-URATY (U X1 ST Soll He'— 39 BT T <d © | (SIBRI B
gRN) | A1 o &% dER (Bohr) &1 U=H1Y] ATed ) ORE § A9 T |

The quantum number n of the state finally populated in He* ions is :
He*— 39 # 3idd: MmEifed s7aRen &1 Jared (Quantum) WX n f1 8T -
(A) 2 (B)3 (C)4 (D) 5

AEH =% x 13.6 eV

Energy released by H atom. Let He* go to nth state.

So energy required

AEH:%XJ.?J.GGV H TRATY] §RT BIS! T8 Sull | AT He* ndl 3fae # SR 2 |

STy JMaTTH Froll

AEhe = 13.6 x 4 (1—%) eV
4 n
AEHe = AEH
~ 3«13 =-136xa[1_L
4 4 n?

= n=4 Ans.C
The wavelength of light emitted in the visible region by He* ions after collisions with H atoms is

H— TRATIRI | TIRM & 918 He*—3Al §RT IcAfSId Jdhel &I di«ed, S §ed—&F (visible region) #
g, Bl

(A) 6.5x 107" m (B) 5.6 x 10-"m (C*) 4.8x107m (D) 4.0 x 10" m

The wavelength corresponding to transition from n = 4 to n = 3 in He* corresponds to visible region. Its
wavelength is :

HAHAVT N=4WN=3F AT T He' ¥ T &3 & AT © | THDI R 8 —

he _ 13.6x4 1.1
A 9 16
4.1x10™"° x3x10° 7 _ 4.1x10° x3x10° m =

= 13.6x4x = A
A (m) 9x16

13.6 x4 x
9x16

A =4.68 x 107" m.
So, Ans (C).
The ratio of the kinetic energy of the n = 2 electron for the H atom to that of He* ion is :
N =2 3ERAT § H-URAY qAT He* — 3T & Foldg i« Bl Tl SHoll b1 7gurd =1 81T

1 1

A*) — B) — C)1 D) 2
(A%) 2 (B) 5 ©) (D)
K.E.=-T.E.

K _ TEy

He TE,.

2
Z
For same ‘n’ T ‘N’ B forg TE, ( H)2 -1
TEHe (ZHe) 4
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/\g

Paragraph for Question Nos. 10to 12

When a patrticle is restricted to move along x-axis between x = 0 and x = a, where a is of nanometer
dimension, its energy can take only certain specific values. The allowed energies of the particle moving
in such a restricted region, correspond to the formation of standing waves with nodes at its ends x = 0
and x = a. The wavelength of this standing wave is related to the linear momentum p of the particle
according to the de-Broglie relation. The energy of the particle of mass m is related to its linear

p2

momentum as E . Thus, the energy of the particle can be denoted by a quantum number ‘n’

taking values 1,2,3,....... , (n = 1, called the ground state) corresponding to the number of loops in the
standing wave.

Use the model described above to answer the following three questions for a particle moving in the line
x=0tox=a. Takeh=6.6 x103%Jsande=1.6 x1071° C.

8. The allowed energy for the particle for a particular value of n is proportional to :
(A%) a? (B) a=3? (Cat (D) a?
Solution : _ _
: nloop .
E\\_/\._ __o" ‘\.___,x\_/? X=a
x=0 '
Ao _h_nh
n—=a and p= —= —
2 L 2a
p’ n’h? 1
Energy E= — = = Eox—
9 2m  8ma’® a’
9. If the mass of the particle is m = 1.0 x 1030 kg and a = 6.6 nm, the energy of the particle in its ground
state is closest to :
(A) 0.8 meV (B*) 8 meV (C) 80 meV (D) 800 meV
212
Solution : E= " h 5
8 ma
2 -34\2
Forgroundstaten=1 = Ei= % @ (6'6Xl_(: 5 ) — = 8 meV
8 x10™ x(6.6x107°)°x1.6x10
10. The speed of the patrticle, that can take discrete values, is proportional to :
(A) n—3/2 (B) n—l (C) n1/2 (D*) n
Solution : P= ﬂ:mv
2a
= Voon

e 109 12 & forg sreee

ST TP BT Pl x-31eT IR x=0H X = a ddb, Sl a "4Hex & 3N U 7, g+ & forw fad fan s
2 9 39 P DI Holl & B AT A9 & 8l Fbd 8 | 39 WA &F H A PR B Bl 9T SHolil 39
g5 H 999 drell U S XAl W wRfd B, e R x = 03k x = a W o< 9 W@ B 37
I TN BT TRIA—<, 9 BV & IET G F S-A0Tell FHIHY & JRIR F=d 8 | S99 m &

p2

B P! Holl Ud gD V&Y I b 9 =Y g, E = | 3 YT Bl Holl bl Y ddieq A= ‘n’

m
R ® A1 1,2,3,......., (0 = 1, BT I 3ARAT e ©) 8 Fbd ©, D gRI ST S Fhdl & | 39 G Pl
R SR TN # 99 W@ Ul &) 6 | 2|
SWRIK Areedd 1 FAeradal 3 =ferRad N9 39 8 &, 14 9 x =00 x = a ddb Yb Y& W I &l 8 |
h=6.6x103Js3Re=1.6x10"1°Cd|
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na &l t& a9 & forg &0 & ¥%1E Hoi FAguRT B

8.
(A)a? & (B) a2 & (C)a'ld (D) a2 @
Solution :
n g
nloop .
\/ R . _,"\_/E’ X=a
x=0 '
n& - a qAT p= D = m
2 A 2a
2 2142
Solt E= b _n h 5 = Eox—
2m 8ma a
9. IS BT HT G m = 1.0 x 10-30 kg 3R a = 6.6 nm B, Td o AAAT § B HI Holl Fa9 Fde 2 :
(A) 0.8 meV & (B) 8 meV & (C) 80 meV & (D) 800 meV &
n?h?
Solution : E= 5
8 ma
(1?(6.6x1073*)?
= JraRAT B n=1 = Ei= =8 meV
o ferg ' 8 x10Px(6.6x10°) x1.6x10 ¥
10. B D TG D Y AN YAG—YAS A 81, S FAURN B
(A) n-32% (B)ntd (C) n¥2 % D)n®
Solution : P:m =mv = Vo n
2a
11.# Photoelectric effect experiments are performed using three different metal plates p, g and r having work

functions ¢p = 2.0 eV, ¢q = 2.5 eV and ¢r = 3.0 eV respectively. A light beam containing wavelengths of
550 nm, 450 nm and 350 nm with equal intensities illuminates each of the plates. The correct I-V graph
for the experiment is [Take hc = 1240 eV nm]

g1g @ 9 A= wiei p, q @ r, 98 SR Beld HAM ¢p = 2.0 eV, ¢g=2.5eV d ¢r = 3.0 eV B, Bl R
THRI—IEd—I9Td TN f6d STt & | 1 SRR U UHTe1 Yol &1 HANT {61 St & S || dgaaret
550 nm, 450 nm TT 350 nm RIS el TH1en A Aemdy 9911 T 81 39 9l @ -V IR &1 8l

fa=or 8| [he = 1240 eV nm @]
1 I

(A) / L (B)

(C) P (D) r
e Y4

\Y Vv
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Modern Physics-/ ﬂ—

Sol.

12.

Ans.
Sol.

(A)
E;, 50 m = %ev =225 eV
7p=450 nm = %ev =28 eV
E 1240 .\ _35 ev

A3=350 nm 350

For metal r, only A3 is able to generate photoelectron.

For metal g, only 2 and A3 are able to generate photoelectron.
For metal p, all wavelength are able to generate photoelectron.
Hence photoelectric current will be maximum for p and least for r.
g1 r & foIg, Hact As BT I I9G S B AHAT © |

a1g q P TG, Had Ao T As TP dEA 9T I~ HR Fhal o |
g1g p @ forg, It TR THIRT IgA 99Ia S HR Gadl ¢ |

3T TSI IgA ORT p & oIy fddwad 9 r & oIy =Eaw 8l |

An a-particle and a proton are accelerated from rest by a potential difference of 100V. After this, their

I
de-Broglie wavelength are A, and Ap respectively. The ratio x—p , to the nearest integer, is :

o

Uh o-PH AT TP Urerd &l AaRmEaRen ¥ 100V & fayarr gr1 <fRd fdar e 8 | 39 918 3901 )
Al TR A Lo TAT Ap © | TUTT ;:—" & 9 & Aweaw quiie a1 g ?

[

3

P1= /2m(100 eV)

Ao= = i

JZm(00 ev) b= J2(4m)2(100 eV)
e - f5

e

A
= The ratio }\—" , to the nearest integer, is equal to 3.

[

= ma—g‘qu—p,ﬁwrgvﬁaﬁﬁ3a‘»w%

[

Paragraph for questions 15to 17

The key feature of Bohr’'s theory of spectrum of hydrogen atom is the quantization of angular
momentum when an electron is revolving around a proton. We will extend this to a general rotational
motion to find quantized rotational energy of a diatomic molecule assuming it to be rigid. The rule to be
applied is Bohr’s quantization condition.

BT & frg e 15 to 17
UM & ARl AR gHA Soagd & DIV FIT FH @SBV, e B BRSO WA Wagd Rigia a1
& AER & | 89 39 RAGI B 3R 3 98K 8¢ TP ArI gUiF TIfd & oIy U™ =l 8 91 U
fguAIfE® 317 @1 gg A §J IS MG goid Sl HdTeldl | $96 ol dieR & daiciqga—ufaay
el R &1 AT fhar SR |

/\
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Modern Physics-/ ﬂ—

13.= A diatomic molecule has moment of inertia I. By Bohr’'s quantization condition its rotational energy in
the n level (n = 0 is not allowed) is :
T fEURHAIa® 379] 1 STecd MMl [ & | 98% & Faiciqa—viiey & JJAR $9d nd VR (n = 0 AT &1
2) & oA Fol fha- gFf ?

1( h? 1( h? h? h?
A) —| —— B) — C)n D*) n?
*) n2[8ﬂ$21j ®) H(STCZIJ © [87121] 9 [SRZIJ
Ans. (D)
Sol. Ie= nh
2n
212 212
Rotational kinetic energy = lIcoz = lnrl = nr;
2 2471 8n°l
2112 212
ELU‘TT—[ 1 a{ﬂ Holl = llmzzlg = %
2 24rn°1  8r°l

Ans. (D)

14w It is found that the excitation frequency from ground to the first excited state of rotation for the CO
molecule is close to ﬂxlO“Hz. Then the moment of inertia of CO molecule about its centre of mass is
T
close to (Take h=2rx 1024 J s)
T8 IR W fH CO Y & gl @ FIad sm@wen | goiF &1 UM S} o/awel] d& & fofg <o

a@ﬁrwmfxloﬂ Hz 8| 99 CO 317] B TST—3TLl 3HD SAM ds & A1U& o fan g ?

Y
(h =21 x 10734 J s i)

(A) 2.76 x 1076 kg m? (B*) 1.87 x 10*6 kg m? (C) 4.67 x 10™*" kg m? (D) 1.17 x 10™%" kg m?
Ans. (B)

Sol. hf = change in rotational kinetic energy (f = frequency)

hf = goig ot Sort § aRkadd (f = 3maf)
hf = 32

8n“f

34

1= 32 = 3X2”4X 10 = 0.1875 x 1045

8n-f 812 x = x 104

T

1=1.875x 104 kg m2.

15.= In a CO molecule, the distance between C (mass = 12 a.m.u.) and O (mass = 16 a.m.u.), where 1
am.u. = §><10’27 kg, is close to :
CO 37 # C (&M = 12 a.m.u.) T O (FAH = 16 am.u.) & 99 g9 T et 8 ?
(Lam.u. = %xlO‘27 kg) :

(A)2.4x10719m (B)1.9x10%m (C*1.3x101%m (D)4.4x 10 m
Ans. (C)
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Modern Physics-/ ﬂ—

Sol.

16.

Ans.

Sol.

C <r—1><r;>0
.A e .
m,< 7 > m,
mairs = mazrz
12r1 = 16r2
rl :ﬂ = r_l = i
r, 3 ( 7
4
r=—/¢
7
Now 374, I = m1ri2 + moar2?
= mara(f)

4
=m (7(} 14

1:[@%2 = p= |

,o | 7x187x10°

\/4><12><5><1027
3
=0.128 x10°m =1.28 x 1019m

The wavelength of the first spectral line in the Balmer series of hydrogen atom is 6561 A. The
wavelength of the second spectral line in the Balmer series of singly ionized helium atom is :

(A%) 1215 A (B) 1640 A (C) 2430 A (D) 4687 A

BISgIo URATY &1 IR ARIGT &1 Ugell WagH! oigd &l a9 <& 6561 A 8| T4 Toha—smafa siferas
TRATY] P IR WIS B G AT B aRIeEd B |

(A*) 1215 A (B) 1640 A (C) 2430 A (D) 4687 A

(A)

: =RZ}, l_l = R(1)? S
A, 4 9 36
1

AHe = S 6561 = 1215 A
27
Paragraph for Question 19 to 20

Jgoe » forg g

A dense collection of equal humber of electrons and positive ions is called neutral plasma. Certain
solids containing fixed positive ions surrounded by free electrons can be treated as neutral plasma. Let
‘N’ be the number density of free electrons, each of mass ‘m’. When the electrons are subjected to an
electric field, they are displaced relatively away from the heavy positive ions. If the electric field
becomes zero, the electrons begin to oscillate about the positive ions with a natural angular frequency
‘wp’, which is called the plasma frequency. To sustain the oscillations, a time varying electric field needs
to be applied that has an angular frequency o, where a part of the energy is absorbed and a part of it is
reflected. As o approaches wp all the free electrons are set to resonance together and all the energy is
reflected. This is the explanation of high reflectivity of metals.

/\
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Modern Physics-/ ﬂ—

17.

Ans.

Sol.

18.

Sol.

19.

Ans.

RIER G H SAage qAT ¥4 MI9 F9E, orad g 9gd 81, B AT ol d8d 8| §B oI9
R wds saaeE@l @ 99 ReR g9 Rerd B 8, &1 ¥l FIfae o @) d)g foran Siar g
AT 6 golag[l @1 G g9 'N' B 3R UAd geldgd Bl G dFH ‘m’ g | 9gd &F o W A
S ReR g9—3I &1 oI | 301 S8 ¥ Rgwad O © | o/ Al Jgd &F Y 8 I A1 sodgia
‘op’ I M | 93T & ATUE I B © | wp DI TS M Hed 2 | 39 QleHl B o Do
3MgRT BT Jgd—&F M R WU fhar o1 qpar 81 d9 Igd &7 | UK GO Holl JgUING &l & 9
B FHoll WERT B & 9 @ TEH op B ORI & 9 S T8 & F~al 8 o 9 |qd ol
WRER B S 2 | I8 9 W WEdd & e B BT HROT B |

Taking the electronic charge as ‘e’ and the permitlivity as ‘eo’, use dimensional analysis to determine
the correct expression for wp.

A e (B) ,/% () [ (D) ||
me, Ne Me, Ne
SIS AT Bl ‘e’ TAT WIALATH Pl ‘g0, ADR AHT—FA & &R wp & oI TSI THHROT ST N |
A e (B) ,/% () [ (D) ||
me, Ne Mg, Ne
©)
1
N | |59
me, _\JMX 2Q2 T
L“xF

So only (C) is dimensionally correct 31a: @det (C) fafm wu d 98 &

Estimate the wavelength at which plasma reflection will occur for a metal having the density of electrons
N =4 x 102 m-3. Take o= 1011 and m = 10-3%, where these quantities are in proper Sl units.

TS o1, foTaH serag [l & S1-a9@ N = 4 x 1027 m32, & ol oA WRIadd a’¥ <& &1 919 91d
B | A gp = 1011 3R m = 10-%, S&f g A3 319 & SIfawn # 2|

(A) 800 nm (B*) 600 nm (C) 300 nm (D) 200 nm

Ans. (B)

For resonance 3J-& & fog

__Ne? \/4x1027 x (1.6 x107%°)?
®=op= =

\|me, 10° x10™
®=3.2x 1015
o 3.2x10% 1

f= = ~ — x 101
2n 2x3.14 2
A= E = ]3-X108
f ~x10%
2
A~ 600 nm

A silver sphere of radius 1 cm and work function 4.7 eV is suspended from an insulating thread in free-
space. It is under continuous illumination of 200 nm wavelength light. As photoelectrons are emitted,
the sphere gets charged and acquires a potential. The maximum number of photoelectrons emitted
from the sphere is A x 10% (where 1 < A <10). The value of ‘Z’ is

TS BT TP Mell, B = 1 cm, I ®eld = 4.7 eV, U [Igd A ar1 § gad ©IH § dA<HAT B | 39
TR 200 nm X7 <& BT YBI AR TS Y&l 8 | Sfd YBIY Soidel= ScAfod 8id & o9 el afdrd s
2 3R fawg urd BRar B 1 el W SR AfYBaH ThTeT SoideiAl B W@l Ax104(1<A < 10) B | @9 'Z'
BT A 2|

7
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Modern Physics-/ ﬂ—

Sol.

20.

Ans.

Sol.

Hindi.

21.

Ans.
Sol.

R=1cm

d=4.7¢eV

hc

o o +eVv

1240(ev)(nm)
200(nm)

1240

200

6.2-47=V .. V=15volt
L Qo5

4ne, R

=4.7 (eV) +eV

e=47e+eV

(9 x 109) N—le 15

100
9x 10" Ne=15 ; N = — 1> — = e
9%x10" x1.6x10 16 9
= > 100 = 2207
3x16 48
z=7

A pulse of light of duration 100 ns is absorbed completely by a small object initially at rest. Power of the
pulse is 30mW and the speed of light is 3 x 108 ms=. The final momentum of the object is :

UHh BT %], Sl g™ H IR a/@wen d &, USRI &1 100 ns B U W DI YUIdAl Faenfd H_al © |
W P T 30 mW B T THIT @I TIRT 3 x 108 msL B | 9% BT A AT

(A) 0.3 x 1077 kg ms (B) 1.0 x 1017 kg ms™
(C) 3.0 x 101" kg ms (D) 9.0 x 10717 kg ms
(B)

power xtotal time _ Pxt

Change in momentum = -
speed of light c

1.0 x 1017 kg x m/s

T aRad _ Ui x et F _ Pxt
UhTe b =Tl c

1.0 x 10" kg x m/s

The work functions of Silver and Sodium are 4.6 and 2.3 eV, respectively. The ratio of the slope of the
stopping potential versus frequency plot for Silver to that of Sodium is :

9l U9 AIfeTd & P Bord HA: 4.6 92.3eV | Al 7 Qifeyd & R4 fwg vd smaiy & = g
P BT BT AU ©

1

KE, ., =hv—¢

eVstth—d)

V, = (Djv—g
e e

y=mx+C

/\
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Modern Physics-/
Y,

st
A

v
<

o |e-

So slope will be (Ej and it will be same for both the metals.
e

So ratio of the slopes = 1
Hindi. KE,, =hv-¢
eVst =hv - ¢

V, = (Djv—g
e e

v

A%

o e

aa:m(gj%,awu%aﬁ—vﬁmgaﬁzﬁﬁmw%
I Al B U =1

22.*=  The radius of the orbit of an electron in a Hydrogen-like atom is 4.5 ao, where ao is the Bohr radius. Its

orbital angular momentum is z—h It is given that h is Planck constant and R is Rydberg constant. The

T
possible wavelength(s) when the atom de-excites is (are) :

TS BISSIo-—8H[ URATY] & Soldgid ®& dI 5591 4.5 ao® S8l ao IR AT 2| 39 Soldgi= &1 Held
ﬁuﬁaw§£%|ﬁm%ﬁsthﬁmmaRﬁ@aﬁﬁmm%|m$qﬁmmwwﬁa
Y

fafevor & aRveed &Y YA B

9 9 9 4
A ) ® Ter ©) == ©) o
Ans. (A, Q)
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Modern Physics-/ ﬂ—

Sol.

23.

Ans.
Sol.

24,

Sol.

Rn=4.5 a0

L=mvr= 3h [asn=3,z=2]
2n

n=3
n=2
Y n=1

e
A ny n;

R L S
s 109 9 32R
1 :R4F—l}:§4R = Ay, =——
Nyss 1 4| 4 3R

e Y 2 )
Ay 4 9] 36 5R

If Xcu is the wavelength of K. X-ray line of copper (atomic number 29) and Awo is the wavelength of the
Ko X-ray line of molybdenum (atomic number 42), then the ratio Acu/Amois close to

A (WA HAD 29) Bl Ko X-THROT @ B TEQE ey @ AT AlfeTesTd (WA HHATD 42) BT Ko
X-fpRo1 g1 @ TR hwvo &, T ATUTT Acu/Amo ATHT B

(A) 1.99 (B*) 2.14 (C)o0.50 (D) 0.48

(B)

Using Mosley's law, for Kqline : \/G =a(z-b) where b=1

Ko ¥@r & ford divtel e & St @ : Ju=a(z-b) & b=1

1
Dy _
oo L Nha _oa@0-l kg, _ A41x41_ 1681 _, .,
) 1 a(42-1) A,  28x28 784
}\‘mo

A metal surface is illuminated by light of two different wavelengths 248 nm and 310 nm. The maximum
speeds of the photoelectrons corresponding to these wavelengths are u: and uz, respectively. If the
ratio us : uz =2 : 1 and hc = 1240 eV nm, the work function of the metal is nearly

el arg @1 T qa8 Pl ATT—AST TR Q=i 248 nm T 310 nm A YW A1 =1 2| 39 A<=l
@ 9 (corresponding) e aTel UdTer Soideidl (photoelectrons) @ G AH T HHL: UL TAT U2 R |
IS UM Uz @ Uz =2 : 1 T2 he = 1240 eV nm 8, T4 91g BT BRI B o491 §

(A) 3.7 eV (B) 3.2 eV (C)2.8eV (D) 2.5 eV

Ans. (A

248 nm =1240/248 ev=5ev

310nm =1240/310ev=4ev

KE, 4 5ev-W

KE, 1 4ev-W

=16-4W=S-W

=11=3W

= 13—1 =3.67ev = 3.7ev
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Modern Physics-/ ﬂ—

25.

Ans.

Sol

26.*

Ans.

Sol.

Consider a hydrogen atom with its electron in the nt" orbital. An electromagnetic radiation of wavelength
90 nm is used to ionize the atom. If the kinetic energy of the ejected electron is 10.4 eV, then the value
of nis (hc = 1242 eV nm)

T BISQIG WRATY § Solagi nh Hefl H & | IqP! AT R b g 90 nm TR & fRga—gw=arg
fafezor &1 g fear sirar 21 Ife 59 ufhar § Safia goide & fdst ol 10.4 eV R, 99 n BT 914
8T | (he = 1242 eV nm)

2
h—c—{13.6ev.i2} =104
A n
- 1242eV B 13.6 _104
90 n2
N 414 13.6 _104
3 n2
= 13.8-104 = 132'6
=34= 132'6
n
=>n?=4
=>n=2

For photo-electric effect with incident photon wavelength A, the stopping potential is Vo. Identify the
correct variation(s) of Vo with A and 1/x.
ypTe—fagd ydrg H Sufdd BIeH @ arueed A8 | e R fa9a Vo | Vo &1 A @ 1A & |1 wel

% & ()

0

Vv V, V, V,
(A%) | (B) | j (CH | i (D) |
A A 1 1

(A,C)
hTC:eVo+¢
hc(1
Vo= —| = |=
= 0 e(kj [0}
V, V,

v

A 4

1/ A
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27.

Ans.

Sol.

28.

Ans.

Sol.

An electron in an excited state of Li?* ions has angular momentum 3h/2x. The de-Broglie wavelength of
the electron in this state is prao (where ao is the Bohr radius). The value of p is

Li2* 3R ) S<iol 3avell § U goldei &l o HIT 3h/2n 2 | §9 3avell § goldeid & SI—siell
TR prao (STEl a0 IR ST ¥ )% d9 p &1 919 2|

2
L= m_%
2n 2n
n=3
x—ﬁ— h  _h 2nr _ 2mr
p m v 3h 3
n2
r=ao —
Z
2 2
A= 2 aon—:21T a03—22na0

In a historical experiment to determine Planck's constant, a metal surface was irradiated with light of
different wavelengths. The emitted photoelectron energies were measured by applying a stopping
potential. The relevant data for the wavelength (L) of incident light and the corresponding stopping
potential (Vo) are given below :

i Reries Farem @ fog ve tfefis 93 & U a1 & 9a8 &1 Se—3Tel awveed & YdTe A
yar far | SRt seiae[ @ Sl w1 AR fava (stopping potential) FMGR ATIT AT | SUANT H
AT Y IMUFA TS B aRieed (L) T Hafa R fava (Vo) @ s i fag w1g 8 -

A (um) V, (Volt)
0.3 2.0
0.4 1.0
0.5 0.4

Given that c =3 x 108 ms~! and e = 1.6 x 1019 C, Planck's constant (in units of J s) found from such an
experiment is)
BT B A ¢ = 3 x 108 ms—! TAqT Soideld &I A e = 1.6 x 10-1° C e mar &1 39 9 9 fHaral

Y, Wi ReRid (Js AFD H) &1 7149 8 |

(A) 6.0 x 1034 (B*) 6.4 x 1034 (C) 6.6 x 1034 (D) 6.8 x 1034
(B)
hc
o b=eVo
hc .
0.3x10°° ¢ M
hc N
—— =1 e ..l
0.4x10° ¢ (i)

Substracting (ii) from (i)
() # A (i) DT M W

hc i_i 106:e hcﬂ
0.3 04 0.12

h=0.64 x 10%3=6.4 x 107%* J-s

x10°% =e
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29.*

Ans.

Sol.

30.

Ans.

Highly excited states for hydrogen-like atoms (also called Rydberg states) with nuclear charge Ze are
defined by their principal quantum number n, where n >> 1. Which of the following statement (s) is (are)
true?

(A*) Relative change in the radii of two consecutive orbitals does not depend on Z.

(B*) Relative change in the radii of two consecutive orbitals varies as 1/n

(C) Relative change in the energy of two consecutive orbitals varies as 1/n3

(D*) Relative change in the angular momenta of two consecutive orbitals varies as 1/n

Ze TSGR MY & TSSO @ TRE S URAIY B A Ifora srawen (R Reaet srawen @ #8d )
P IS & F@ICH (P n (n >> 1) F IR9INT fF S 21 Fr=iled 4 @ /399 $oF 99
8/8°?

(A*) Q1 HHIRTT Hell o1 Frsar &1 Muferd iR (relative change) Z & W R 81 &var ®

(B*) &1 HARTG Hedl B 501 o1 MIfAT SR 1/n & AU B ®

(C) |1 AT HeEl BI Holl BT MU R 1/n S FAGITT BT ©

(D*) Q1 AT Dell & BIFPR FAT BT AT AR 1/n & FHGUT Bl &

(ABD)

n2
r=ro| —
z

Ar [ 2An
r n

AnzlsoeﬂﬁzﬁocE

r n
L:m
2n
AL_an
L n
AL 1
_C[_
L n

A hydrogen atom in its ground state is irradiated by light of wavelength 970 A. Taking hc/ e = 1.237 x
10-6 eV m and the ground state energy of hydrogen atom as —13.6 eV, the number of lines present in
the emission spectrum is :

UF EIgSIo URATY] B 6! =1ad araven § 970 A dveed arel g &y fhan S 81 J8f R
hc/ e = 1.237 x 106 eV m AT BISgIo URMIY] B FATH IfaRAT DI Holi—13.6 eV & | Icafoid Aaed!
(emission spectrum) H @3N & G FGT1 B |

(6)
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Sol. [Here we are assuming that in original paper atom = atoms]

[TEf arafds YR H RATY] (atom) & W UR GRATYRI (atoms) B BT A B

136 1 1] _12370
? n? 970

n?=16
n=4
No. of lines YW1 @ FEAI= 4C;
= 4x3 =6 Ans. 6

2

31. Light of wavelength Apn falls on a cathode plate inside a vacuum tube as shown in the figure., The work

function of the cathode surface is ¢ and the anode is a wire mesh of conducting material kept at a
distance d from the cathode. A potential difference V is maintained between the electrodes. If the
minimum de Broglie wavelength of the electrons passing through the anode is e, which of the following
statement(s) is (are) true ?

Aph TRIQEd BT YHTY A Aeldl (vacuum tube ) @ ISR UH defle WR RRar B, o s § qwiin
T B | DA B AAE B BHABAT ¢ § TG TArS, Sl B Th ATaidid grd & aRi Bl el B, DA |
d & R Rod 2| vaagel & 9 &1 favar Vo Rer B Ik TR &1 UR &R a1l gordgrAl @
<ATH " & Frel” (de Broglie) TRISE Ae® , FIiRad # | S/ I HAFT T 5/8 7

,§ Light
-~

A
/—‘
@: o—> o—> o *—>»
i Electrons

\%
— Lt

'
(A) e increases at the same rate as Aph for Aph < hc/é.
(B*) For large potential difference (V >> ¢/e), Ae is approximately halved if V is made four times.
(C) e is approximately halved , if d is doubled
(D) Le decreases with increase in ¢ and Apn.

(A) 3R Apn < hclhp 8 AT Aph @ A AeTPH FHM T ¢ |

(B*) S=a fawar=R (V >> ¢le) TR RV B IR T IGTT Y A Ae  SINTHIT 37T B ST |
(C) d BT GFT HIA W L T 37T B AT |

(D) ¢ 3R Aph BT TGM W Ae HH B |

\

Ans. (B)

Sol. e = Min. de broglie wave length =[FdH fe—sT7ell qRTaed
h_C = ¢ + h_C + eV
kph )“e

—1 1
hc| —di =hc| ——dA
[kén "”J ( re }
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Modern Physics-/

32.

Ans.

Sol.

33.

AnNs.

B _Ton
die 23

¢

e

Energy of electron $eideid @1 ol = eV

(A wrong 31 &)

V >>

2
P_: }L:D: 1
p

2mE

2m

2mE

pP= Ans. (B)

An electron in a hydrogen atom undergoes a transition from an orbit with quantum number ni to another

with quantum number n:. Vi and Vs are respectively the initial and final potential energies of the electron.

If % = 6.25, then the smallest possible ns is :

f
U BIgSIoM WM & b Soidgi n d@icd §&T (quantum number) dTel &1 9 n daicH G

(quantum number) & ®& ¥ Y &A1 & | Vi TA1 Vi Tafie w9 <iftw Refas swifg 2 afe % = 6.25,

f

Tg g B gAqH T G (smallest possible ni) 8
(5)

pE= 272 Vi _ n?z
n? Vi

n? n 5
niz n;
Answer. 5

6.25 =

A photoelectric material having work-function ¢o is illuminated with light of wavelength A [x < h—CJ The

0

fastest photoelectron has a de Broglie wavelength Ad¢. A change in wavelength of the incident light by

A) results in a change Aid in Ad. Then the ratio A;;:’ is proportional to :

g1l fagd usred (photo electric material) fS=I@1T SR %= (work-function) ¢o 8, TRI—aed }{X<h—cj

0

@ U | ydIa A T 7 | g UG o™ o I §elt (de Broglie) TRI-Ed Ag B | MUl yemrer

My
A 3

(incident light) & TR-aed #§ AL & URadT A Aa & A § Akg BT R &ram 8| a4

FATURA BT

3 2
@) i— bs

(B) ©) 3 (D) "7

(A)

/\
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Modern Physics-/ ﬂ—

Sol.

34.

Ans.

Sol.

h—C =W + KEmax
A
2 2
KE = P _ h _
2mg  2mgg
hc h?
— =0+
A %o 2m A3
2 p—
e g0y D
% 2m, )3
dig _ 2mehg
dr  hZxa?’
dhg 24
dxr %

In a photoelectric experiment a parallel beam of monochromatic light with power of 200W is incident on
a perfectly absorbing cathode of work function 6.25 eV. The frequency of light is just above the
threshold frequency so that the photoelectrons are emitted with negligible kinetic energy. Assume that
the photoelectron emission efficiency is 100%. A potential difference of 500V is applied between the
cathode and the anode. All the emitted electrons are incident normally on the anode and are absorbed.
The anode experiences a force F = n x 104 N due to the impact of the electrons. The value of is
. Mass of the electron me =9 x 10-3%kg and 1.0 eV = 1.6 x 10-1°J.
e gl fagq (photoelectric) AT § 200 W =Ifth (power) a1l Td FHIGR Yahavii ydbrer fvol gt (a
parallel beam of monochromatic light) ol %4 ¥ @RI HRA dTdl Yo Icdoid (perfectly absorbing
cathode) W fIRdT 8| SSi® @ Ul & HRI—Ha- (work function) 6.25 eV & | U&TeT &I JAGRT, I8l
IR (threshold frequency) & oI & e B S99 SNid 8@ aell UdIRG  golagmi
(photoelectrons) @1 Wt ol (kinetic energy)  /Tvd & | AN wiifog 6 yarer fagq S geran
(photoelectron emission efficiency) 100% & | StASid AR FUEH (anode) & §1F 500V &1 fI9arx
(potential difference) &Il STaT 8 | ScAfd 89 dTel 91 Soldg™ HUTEd UR 3ffferg mufd (normal
incidence) BIHR S@ENRT B W 8 | SideMl & HUED W <Fp’k  F=n x 104 N & 9 o¥al 21 n

BIHAM B SAdS™ BT GIAM (mass) me = 9 x 10-3kg B 3R 1.0 eV =1.6 x 10-19J ¥ |
24.00
. . 200W
Number of electrons emitted SR S & &I N = 5250V
.25e
rate of change of linear momentum of electrons Saidei & Y& wdw § gRdaE fb ¥ = F = Ny2mk

200
F =
1.6x6.25x107"°

x \J2x9x10x1.6 x10° x500

=24.00

/\
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35. Consider a hydrogen-like ionized atom with atomic number Z with a single electron. In the emission
spectrum of this atom, the photon emitted in the n = 2 to n = 1 transition has energy 74.8 eV higher than
the photon emitted in the n = 3 to n = 2 transition. The ionization energy of the hydrogen atom is
13.6 eV. The value of Z is .

TS BIggioH—odl Afd (hydrogen-like ionized) AT &1 URHATY %A (atomic number) Z & | 39
WA H U T Foag o | 59 URHIY & ScHei—WagH (emission spectrum) #, n =2 ¥ n = 1 HHA
(transition) & I~ B dTel B (photon) & JHofl, N =3 W n = 2 FHAY | I & ATl BICH B
Foll ¥ 74.8 eV INOF B| BISSIOM URHAIY] B M FHoll (ionization energy) 13.6 eV & | Z &1 A
2 |
Ans. 3
Sol. 13.62? 1—l =74.8¢eV +13.6 z2 11
4 4 9
= 13.6 x Z? [E] =74.8
18
=272=9 = Z=3
PART - Il : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)
AT - 11 : JEE (MAIN) / AIEEE (ot auf) & uea

1.w  The time taken by a photoelectron to come out after the photon strikes is approximately
Bl @ THIIT I BIIsadeld (Ndbad db H o T9T 4T © ¢
(1) 10ts (2) 10*s (3100 s (4) 1016 s

Sol. 1070 sec.

2. An alpha nucleus of energy % mv? bombards a heavy nuclear target of charge Ze. Then the distance
of closest approach for the alpha nucleus will be proportional to :
%mvzwzmwﬁmﬂﬁﬁ’cﬁZeaﬁmfﬁwmﬁﬂﬁﬁaﬂua&ﬂwwﬁwélwﬁ?ﬁﬂmEﬁ
fou fdeas STMA g0 FHguTRh 8

1 1 1
1 — (2) v2 () — 4 —=
Ze m Y

Sol. 1
m

3. The threshold frequency for a metallic surface corresponds to an energy of 6.2 eV, and the stopping
potential for a radiation incident on this surface is 5V. The incident radiation lies in
(1) X-ray region (2*) ultra-violet region  (3) infra-red region (4) visible region
TEh gIdd J6 & foly <8l Mg 6.2 eV Solf & |70 8 IR 39 U8 W amufad fafewor & forg
R fawa 5V g | mufad fafesor i a3 4 8,98 7
(1) X-f=or e (2%) IRISTEY &= (3) 3R &= (4) 33 &3

Sol.  a= 12428VM 41004

11.2

Ultraviolet region =TS+ &=

/\
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4.4 The anode voltage of a photocell is kept fixed. The wavelength of the light falling on the cathode is
gradually changed. The plate current I of the photocell varies as follows :

TP Il I B TATS dleedl ReR I Il 8 | Dol TR ATafad Yh1e & dyiresd A 9R-¢6R gRafid
ST B | BIEd @ Wi ORT 139 YR gRafid ardl 8

(1)1‘ , (2)1‘ i (3*)1‘ f (@I‘i i
o A O A o A O A

5. Photon of frequency v has a momentum associated with it. If ¢ is the velocity of light, the momentum is:
IGRT v & T BieH § a1 [ifed g1 Al ¢ g9 &1 99 7, 99 HIT ©
(1) vic (2) hve (3) h vic? (4*) h vic

Sol. E = pc, hv = pc, p= h_v
o

6. Which of the following transitions in hydrogen atoms emit photons of highest frequency ?
BISRIo WA § fRad Fspaoll § A $IAT FHAVN ATAHTH MIRT S BICH Bl IcFoi bRl & 7
(1)n=2t0¥Nn=6 (2n=6todAn=2 (3)n=2todn=1 (4n=1toAn=2

Sol. For highest frequency in emission spectra the difference of energy between two states involved should
be maximum

IS WIGH H IedH A @ ol ST LRI & 7L FHofl Bl <R IAHTH B4 AT |
AeV2_4=10.2 eV, AEx-1 =13.6 eV

AEx-1 =3.4¢eV, AE6-2 < AEx-2, AEe-2<AE2-1

So photons of highest frequency will be emitted for n=2ton = 1.

IAT:N=2W n=19 fo Izaqq gl &1 B Sl 8

. - k . .
7.2 Suppose an electron is attracted towards the origin by a force — where 'k’ is a constant and 'r" is the
r

distance of the electron from the origin. By applying Bohr model to this system, the radius of the nth
orbital of the electron is found to be 'rn' and the kinetic energy of the electron to be 'Tn'. Then which of
the following is true?

A1 6 TP goiaed qa fdg o1 R tH Td % ERT IM&fia &rar & /el k' & fodis 8 wd v
S @ ol fag A g 1 59 M1 Bl 9reR Uiy 9 R n d P& B soldeid I Al ' B
TAT AT I TSl ol 'To' B A1 99 § & BI9an I © 2

(1*) Tn independent of n, rn c n (2) Thoc 1 noc N
n
1 1
(3)TnOC—n1,rnocn2 (4)TnOC —z,rnOan
n n
(A" T, N WAF &, Mo n (2)Tnoc1,rnocn
n
1 1
(S)Tnm—nl,rnocnz (4)TnOC —z,rnOan
n n
2
Sol. ™ _K (D)
r r
mvr = nh .(2)
2n

Solve these equation 7 THIHRT B A BT TR
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8.

Sol.

Sol.

10.

Sol.

The transition from the state n =4 to n =3 in a hydrogen like atom results in ultraviolet radiation. Infrared
radiation will be obtained in the transition from:

BISSIO WM WA H n =4 ¥ n =3 A H GHAY & Hodwy W fAfeRe ura g B
frfoRaa # Q@ fa AwA0r § sravs fafawor gra g8rm ?

1)3—>2 2)4->2 (3)5-14 42-1

Ans. (3)

5 — 4 Transition energy from 5 to 4 will be lessthan from 4 — 3. All other transition energy are higher

than that for 4 — 3.
5 49 GHHI Holl 4 — 3 H FHHU Hofl F HF B8MIT | TH T FHAT ol 4 — 39 AH B |

The surface of a metal is illuminated with the light of 400 nm. The kinetic energy of the ejected
photoelectrons was found to be 1.68 eV. The work fuction of the metal is : (hc = 1240 eV.nm)

400 nm & Y1 A &l arg & o By fFa S 2| Sita wiegaagiHr @ o Hoi 1.68
eV IRl WK & | 91g &1 SR Held 21 (he = 1240 eV.nm)

(1) 1.41 eV (2) 1.51 eV (3) 1.68 eV (4) 3.09 eV

Ans. (1)

Ex= 1240 eV=31leV

E.—k = (3.10 — 1.68)eV
=1.42eV
Q<1.42eV

Statement-1 : When ultraviolet light is incident on a photocell, its stopping potential is Vo and the
maximum kinetic energy of the photoelectrons is Kmax. When the ultraviolet light is replaced by X-rays,
both Vo and Kmax increase.

Statement-2 : Photoelectrons are emitted with speeds ranging from zero to a maximum value because
of the range of frequencies present in the incident light.

(1) Statement-1 is true, Statement-2 is true; Statement-2 is the correct explanation of Statement-1.

(2) Statement-1 is true, Statement-2 is true; Statement-2 is not the correct explanation of Statement-1
(3) Statement-1 is false, Statement-2 is true.

(4*) Statement-1 is true, Statement-2 is false.

PHYF-1 ; 59 RIS YHY Th YHrE—Iel IR IMUfAT 8, a9 sad1 AR fava Vo iR wier saasii @t
JAMFHTH TAT SNl Kmax 8 | TG TR YHIR DI Tad—THol | Iae1 fam Srar g, a9 91 Vo T8 Kax
¥ gfg 8 ol @

PYFA-2 . BTl SR YA A Uh AMBTH a1 DI IR ¥ ScAfSid 8l & iy Ui THbTel 3§ g
B TR SURT Bl B |

(1) FUT—1 FF 8, FAT—2 TF & | FII—2, FAT—1 BT H&l WG ¥ |

(2) FYT—1 TF B, FYT—2 I B ; HIA—2, FAT—1 HI T TCIHIV T2l & |

(3) FUT—1 I 8, HAT—2 I ¢ |

(4%) PAT—1 T &, HAT—2 I B |

Energy of X-rays-photon is greater then ultraviolet photon.

So, Vo and Kmax increases.

Electrons have speed ranging from 0 to maximum, because before emitting a large number of collisions
take place and energy is lost in collision.

X-fR0T B B Fofl, WIS BIEH B ot & AfdE Bt B[ 31 Vo TAT Kmax 9277 |
SR DI AT B W LA W AfHaH B8Rl 8, S I A Yd 3P TIIR Bl § 9 TIB H ol
BT FY BT B |
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11.=

Sol.

Sol.

12.

Ans.

Sol.

13.

If a source of power 4 kW produces 10%° photons/second, the radiation belongs to a part of the
spectrum called :

(1) X-rays (2*) ultraviolet rays (3) microwaves (4) y-rays

I 4 kW 2IRE BT U EAd 1020 BIeH Ufd Adhvs ST~ Rl §, 99 [AfhRor WaeH & 39 91 & 95
BT

(1) v fapwol (2%) TR oot (3) gesTaat (4) T fahvot

Energy of each photon = % =4 x 10Y7

. - 12400x1.6x10™*

4x107"
Itis in ultraviolet rays spectrum.
UAd BISH Bl Il :% =4 x 10V
-19
) = 12400x1.6;10 A0 = 49 6 A
4%x10
Tg X-fHvor quigs # 2|

A0 =496 A

Energy required for the electron excitation in Li** from the first to the thrid Bohr orbit is :

Li** & ford Ugal 9 (RN IR $&T H Solaed Suod @ ford Siaedsd Sofl §

(1) 12.1 eV (2) 36.3 eV (3*) 108.8 eV (4) 122.4 eV
3
2
Ei = _13.6(23)
@
2
Es= _13.6(;3)
€))
AE =E3z—-E1
1
=13.6(3)2 |1-=
o 1]
_ 13.6x9x8
9
AE =108.8 eV. Ans.

This question has statement —1 and statement —2. Of the four choices given after the statements,
choose the one that best describes the two statements :

Statement -1:

A metallic surface is irradiated by a monochromatic light of frequency v > vo (the threshold frequency).
The maximum kinetic energy and the stopping potential are Kmax and Vo respectively. If the frequency
incident on the surface is doubled, both the Kmax and Vo are also doubled.

Statement -2 :

The maximum kinetic energy and the stopping potential of photoelectrons emitted from a surface are
linearly dependent on the frequency of incident light.

(1) Statement —1 is true, statement -2 is false.

(2) Statement -1 is true, Statement -2 is true, Statement —2 is the correct explanation of Statement —1

(3) Statement -1 is true, Statement —2 is true, Statement —2 is not the correct explanation of
Statement-1

(4*) Statement-1 is false, Statement -2 is true
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Sol.

14.

Sol.

15.

AnNs.
Sol.

39 U H UHAF—1 U9 ThUE -2 A T F | yheHl @ 95 A W IR Qe § 9 39 Adem @
g St & gweEl o1 98 9o HRar 2

YpY--1 :

IMGRT v > vo (ST AGRT) & THavll UHRI I Teh oifcad g8 &l GO far smar g1 sifdreas w1frs
St Tg Rl fa9a B Kmax U6 Vo B | IR I8 W MUl amgfRy S &R &A1Y, M1 Kmax T Vo Y
SR B 9§

b -2 .

U | Id BIel golagHl o Af¥ead fael ol Ud axid! fava smufaa e a1 gy R e
ik axa g

(1) YHUT -1 T &, THAT-2 TaTd &

(2) THUT —1 FE B, UHUT —2 e 8 R THYT —2 THUA-1 B FE! AT HRal ® |

(3) UHYH —1 HEl &, UHUF —2 Fal & 3R TSI —2 THIF-1 &I Fel IRl 8] HRal 2 |

(4*) UHAFT —1 TToId 8, YHUT —2 FEl B |

Ans. (4)

hv = hvo + Kmax
kmax = hV — hVO

After absorbring a slowly moving neutron of Mass mn (momentum = 0) a nucleus of mass M breaks into
two nuclei of masses m: and 5m1 (6 m1 =M + mn ) respectively. If the de Broglic wavelength of the
nucleus with mass ma is A, the de Broglie wevelength of the nucleus will be:

v gl T A R my SFEE @ RS ([T ~0) BT AN PR GIA M BT T A0S S| T
AL My TAT 5m1 & ]I MWD § Cear 8 (6 mi =M + my ) | I TIAE my arel TS B SI—aTelt
qERed A 8, 9 AR ARG B S—arren aeesd g8t

1)52 (2) M5 (3 A (4) 25

Pi=0

Pi=P1+ P2

Pi=Px

0=P1+P2

(P1=-P2)

AL

|j .:UlD'

A2

)

2
[A1] = |Az2]
AM=A2=A.

Hydrogen atom is excited from ground state to another state with principal quantum number equal to 4.
Then the number of spectral lines in the emission spectra will be :

BISRISM URATY] ®I SHGI (T=q9 @awen ¥ &I Ja1veHd 6] 4 il Udh el IR Sford faar S
2| T9 ST WaeH #§ Wagd Rl B T&a1 8

(1)2 (2)3 (3)5 (4*) 6

(4)

fafe n=4

lines Y@= @ =6
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Modern Physics-/ ﬂ—
16.= A diatomic molecule is made of two masses mi and mz which are separated by a distance r. If we

calculate its rotational energy by applying Bohr’s rule of angular momentum quantization, its energy will
be given by : (nis an integer) (i = 21)

T
U fEURAS 9] mi dATm, & & T@EAE 4 a1 8 Sl {6 g r R 8| AR oMy FaT FaodieR &
IR & FIH P B B SHD! Ui Holl Bl TN B, T9 DI Holl & SN < (n TH NP ©)

h
h=—
( om )
1) (m, +m,)*n*#* @ n’h? 3) 2n’hH? (4 (m, +m,)n*#*
2m’mar? 2(m, +m,)r? 2(m, +m,)r? 2m,m,r?
Ans. (4)
< r >
r r,
] \
COM
Sol. m m,
mari1 = marz
fL+r=r
= el
m, +m,
= il
m, +m,
g= =l
1 .
= > (mari? + mar2?).w?® ()
h
mvr= — =lo
2n
nh
0) —_— ——
2nl
1 n’h? n’h? 1
e= S L 2z 2 2 2
2 4rl 8n° (M +m,ry)
nZh? 1 m,’r?
= +m, 5
8n’ mar; (m, +m,)
" (m, +m,)?
_ n’h®  (mg+m,)®  _ (mg+m,) n*h?
8n’r> mym,(m, +m,) 8n’r’mm,
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17.#

Sol.

18.

Sol.

19.

Ans.

The anode voltage of a photocell is kept fixed. The wavelength A of the light falling on the cathode is
gradually changed. The plate current I of the photocell varies as follows :

T B Pl TS dicedT Fad 8| Hels TR MUfdd o1 & diieed A fR—¢R gRafidd &1 ot 21
BT P ©ic URT [ 59 IHR gRdfda ardt 2 :

1 1

1) O r—> ) O r—>
| I

@) O A—> 4 O A—>

As A is increased, there will be a value of A above which photoelectrons will be cease to come out so
photocurrent will become zero. Hance (4) is correct answer.

Ans (4)

Y Y AP IH gl B dl AP R 99 @ SR Bicigdde[ Nhde §€ 8 O 2 | 37d: UhTe
fagaaRT 3= 81 SR | 31 (4) el STR & |

Ans (4)

In a hydrogen like atom electron makes transition from an energy level with quantum number n to
another with quantum number (n-1). If n>>1, the frequency of radiation emitted is proportional to :

UF BIgSio TaH URATY] H Soldgi qa1ved &I N & SHoll WR A Yh gEX q@19eH &1 (n-1) & SHoll
®R R GHAV PRAT & | e n>>1, 79 I fAfbRo1 31 Mgy g9 FHIURN ©

@+ @ - 3) é @) =
2
AE= hv
_A_Ezl{ 1 _i}: k2n
h (n-1% n? n?(n—1)>°
~ 2 oc is Ans. (4)
n n

The radiation corresponding to 3 — 2 transition of hydrogen atom falls on a metal surface to produce
photoelectrons. These electrons are made to enter a magnetic field of 3 x 10-* T. If the radius of the
largest circular path followed by these electrons is 10.0 mm, the work function of the metal is close to :
(1) 1.8 eV (2)1.1eVv (3)0.8 eV (4)1.6eV

TSSO URATY] & 3 — 2 §HAU & §Id (IfHR0T U9 91 I8 W AT BI[hR BICISeldg = a1 Hdl
21 Y TAGEM 3x 104 TS o gOF &5 § Yd¥ &4 2 | IR SAagial gRT I e g e
@1 a1 10.0 mm, 81 99 91g BT HF Held T B |

(1) 1.8 eV (2) 1.1eVv (3) 0.8 eV (4) 1.6 eV

2
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Modern Physics-/ ﬂ—

Sol.

20.=

Ans.

Sol.

21.

Ans.

_mv e’ _ mi?
= = =
eB 2 2
r’e’B>  mv?
2m 2
2,202 2 2
189-¢= B L1 oo EB oy
m e 2 m
_ 100x10°x1.6x10"° x9x10°®
2x9.1x107*
b =180 L6%9
2x9.1

=189-0.79 = 1.1leV

Hydrogen (1H%), Deuterium (1H?), singly ionised Helium (2He*)* and doubly ionised lithium (sLif)** all
have one electron around the nucleus. Consider an elelctron transition fromn =2 to n = 1. If the wave
lengths of emitted radiation are A1, A2, As, and A4 respectively then approximately which one of the
following is correct ?

(1) 401 =202=2X3= A4 (2) Me=202=203= D4

(B) M1 =A2=4k3= 94 (4) AM=202=3h3=4 )4

BSgioM (1HY), SISRIA (1H2), Tae afa Sferad (Hed)* iR fgen smafa ofifdms (sLi6) &1 § &
FOded AP & IRI MR I N=2" n =1 & SIaeid AhA R AR HIve | afe scafdia fafexor a
TTQE A A1, A2, ha UG A4 &, G4 foilRaa ==l & & ST T a8l 8 2

(1) 401 =202=2X3= A4 (2) Mo =202=203= D4

(B) M1 =A2=4k3= 94 (4) AM=202=3h3=4 )4

3)

1 _ (1 1
AT

x

TR W) R @[
R 23 R ()
1 1 1 1

TR R T

So option (3) is correct

aa: fadped (3) 9L B 1

As an electron makes a transition from an excited state to the ground state of a hydrogen - like atom/ion

(1*) its kinetic energy increases but potential energy and total energy decrease

(2) kinetic energy, potential energy and total energy decrease

(3) kinetic energy decreases, potential energy increases but total energy remains same

(4) kinetic energy and total energy decrease but potential energy increases

K| SO, BISSIo Ol URHATY/IMRIA &I IWfoTd e | FAdH SHoll el § AHAYT Hal © al

IHD:

(1*) it Soit # gfg den Rufts ot qen g Soit & & &l 2
(2) ot Soil, Refarst ot deon ot SHoif #§ & & o 2 |

(3) Wit Foit & B B, Rerforst Foif gecll ® 3R @t Hoit a8 &l 7|
(4) s St @ FA Hoit FA B A § g, Refos ot g ol 71
1)
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Modern Physics-/ ﬂ—

Sol.

22.

Ans.
Sol.

2
KE o« (Ej
n
as n decreases KE increases and TE, PE decreases

n &1 A9 Ted TR KE gadl 8 do TE, PE g ® |

Match List-I (Fundamental Experiment) with List-1l (its conclusion) and select the correct option from the
choices given below the list :

List -1 List - 11
(A) |Franck-Hertz experiment (i) |Particle nature of light
(B) |Photo-electric experiment (i) aDLtlsr(;rete energy levels of

(C) [Davisson-Germer experiment (iif) |Wave nature of electron
(iv) | Structure of atom

A | (@S TAR) B G -l (SF gRem) & @ gHed (FE) S &R fifea fAwen 7 ¥ |
fawen o1 e BN -

- 1 gl - 11

(A) [%d &< R () |vre @ S ugfa

(B) |vemrer fae@ wam (i) [e1v] & fafded $o &R
(©) [S9r= ok A |(iii) [sAas @ dv yaphy

(V) |TRETY] B =T

(1) (A) - () (B) - (V) (C) - (iii)

(2) (A) - (i) (B)-(iv) (C) - (iii)

(3%) (A) - (i) (B) (i) (C) -(iii) -

gg (A) - (iv) (B) - (iii) (C) - (ii)

(A) Franck — Hertz Experiment is associated with Discrete energy levels of atom

(B) Photo electric experiment is associated with particle nature of light and Davisson—Germer
experiment is associated with wave nature of electron.

(A) Bd &S T el & fafded Sorf W & wwfRa 7

(B) U1l fIgd TR U1 &1 HiO® Uafd § T 8 a1 Saad o9 JAIT goldg = &1 a9 g@hd
I T B
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Modern Physics-/ ﬂ—

23.

Ans.

24,

Radiation of wavelength 2, is incident on a photocell. The fastest emitted electron has speed 'v'. If the
wavelength is changed to ?% , the speed of the fastest emitted electron will be :

TP BIel —Jd TR A, O] BT YHIY IMURIT B | ScAfid soide= &) iffdad 71 'v' 81 afe axveed

% , B 99 IaTd soiaei= @ AfSead aret B

(1) <v(§j (2) :v(%j ) :v(%j 4) > v(%)
(4)
hc 1 ., .
7:W+Emv (1)
hc 1 N2
7=W+Em(v)
NC i Iy ...(ii)

S
4
equation HHIHR] {(i)x%} — (ii)

4hc 4hc 4 41, 1 w2
— ———=—W+—| —mv° | —w——m(V)
3 31 3 3\2 2

= iW+i[lmv2j = W+%m(v‘)2

3 3(2
= im(v')2 :ﬂJriémv2
2 3 32

1 e 41, , ;4
= -—my) >=|=-mv° | = V> =V
2 32 3

An electron bean is acceleration by a potential difference V to hit a metallic target to produce X-rays. It
produces continuous as well as characteristic X-rays. If Amin is the smallest possible wavelength of X-
ray in the spectrum, the variation of log Amin With log V is correctly represented in :

X-fpR0l I= B & ford U soragie gl Bl fivarR VI @R dRe u1g @8l TR A fhar S
2| 399 IfWenefdrd (characteristic) Ta 3ifaRel (continuous) X-fh=ol Ic= &t 2| afd X-fawor wWagH
BT AT AHT TETRE Amin 8 AT log Amin T log V & A1 95ard 5 oy # A& faarar mm 7

A A
|0g kmin loQ kmin
1) (2%)
» log V » log V
A A
|09 Amin |09 Amin /
3) 4)
» log V » log V
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Modern Physics-/

Ans.
Sol.

25,

Ans.
Sol.

2
eV = h_C
}"min
A = 12400
eV

log(Amin) =log(12400) — log(e) — log (V)

logAmin. = C —log V
=Y=C-mx

Ingmin

Io'g \Y

A particle A of mass m and initial velocity v collides with a particle B of mass > which is at rest. The

collision is head on, and elastic. The ratio of the de-Broglie wavelengths Aa to As after the collision is :

quduwﬁﬁmaWUE%WWAaﬂeww%E%WWB?#EH%WEWW

Td GATARN & | TIPR B a8 [S—dFall TRIQEA Aa W e BT UM BT |

by 1 by 1
(1) =A== (2) A==
Ay 2 g 3
3)
(D
Initially

Momentum Conservation Hd¥T GReTT I

m .

mv = mva + ?VB ()

e= Ve~Va _ 1 .. (i)
%

2(ve —Vva) = 2va + VB

2vs — VB = 4va

Ve = 4va

Ao Mgy M2,

g MuV, m

(39 a2
7\’8

o (o)

Finally

A
4) a2
@ 2=3

2

/\

Resonance”®

Educating for better tomorrow

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Toll Free : 1800 200 2244 | CIN: U80302RJ2007PLC024029

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
ADVMP - 29



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Modern Physics-/ ﬂ—

26.

Ans.

Sol.

27.

Sol.

28.

Some energy levels of a molecule are shown in the figure. The ratio of the wavelengths r = Ai1/A2, is

given by :
T AU B HB Holl Rl DI = § Q@R T 8 | OeE] B AU 1= Aa/h2 BT A B
—E
r2
]
M
—2E Y
—3E—]

ol _4 _2 _3
(l)r—3 (2)r—3 (3)r—3 @r 7
1)

_hc -

(-E) — (-2E) = » ..()

4_, _ hc )

(_E)_(_EE)_ . ...(ii)
Equation F#eRoT (ii) / (i)

41
3 M
2-1 X,

M_1
A, 3

If the series limit frequency of the Lyman series is vi, then the series limit frequency of the Pfund series
is :

e ArgHT #oN BT AT Agfa v g Sl gus SOl @l A sgf grii—

(1) vi/16 (2%) /25 (3) 25w (4) 161
hve. =13.6 ev
th = @ ev
25
Y -5 = vp= &
Ve 25

An electron from various excited states of hydrogen atom emit radiation to come to the ground state.
Let An, Ag be the de Broglie wavelength of the electron in the nt state and the ground state respectively.
Let An be the wavelength of the emitted photon in transition from the nt" state to the ground state. For
large n, (A, B are constants)

TS golagid [hdl ggsiod WA & = ITfora srawensii 9 fafdwo Swafsia e feiaH sraven 4 an
ST 81 AT B A TAT Ag ndT 1A qAT 1 oTaRell § golderd @1 S dNTell a¥ireed 8 | A1 ndi
JraReN | faH JraRen H HHHY gRT SR BIed &1 a8 An2l n & 98 A9 & fow (@fe A den
B Reri® )

B
(1) A2 ~A+BA. (2) A2 =2 (3% /\nzA+F (4) A, = A+BA,

n
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Sol.

2
Vn:(ane\;
h n
En=—=mv’
h ( n )
An = = An S>>,
mv,, LmZnKeZJ ’
h—C:En—Elzlm(vf—vﬁ)
/\n
2
he 1 (0 h ) [ h)2)
—=—m - PR B
A, 2 um gJ men)J
he W (1 1) w [ A
2 2 2 2
A, ZmUg % 2mng A2 )

A
since gfd k_g <<<1 so using binomial expansion ey fgug TR |

(2mci2) 2
An= | e Qﬁ%\

B

= An:A+—2

n
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Il High Level Problems (HLP)

SUBJECTIVE QUESTIONS

faSaTH® W99 (SUBJECTIVE QUESTIONS)

Sol.

Ans.

A small particle of mass m moves in such a way that the potential energy U = %mbzrz, where b is a

constant and r is the distance of the particle from the origin (Nucleus). Assuming Bohr model of
guantization of angular momentum and circular orbits, show that radius of the nth allowed orbit is

proportional to \/ﬁ
Qasmmﬁw@awwmﬁwéﬁ?ﬁaﬁawﬁU:%merZ%aﬁbwﬁwaﬁamﬂ
B B o g (A1) A g 2| DIV F9 & FAOEHRY AT I Hel D de} NG Bl A g
qafed & ndt e A Broar N & G ¥

F= Y __ E2mb2r =—mb?r .......... (i)
or 2
Quantiazation of angular momentum  ®IVN HAT & FISHIOT A
nh .
L=— il
2n 0

Centripetal force 3if¥&=<g 9a1 =

.
F will provide centripetal force So, from (i) F A& 9 a1 U™ I Ao (i) |

2
So, saferu mb2r = mv

r
b2r2 = V2

v=br . (iii)
L = mvr = mbr2

From (ii) THlo (i) A

mbr2 = nh
2n
2= Ll
mb 2
So, gafew rocn Hence proved. Rig &1ar 2|

. . o —ke?
Suppose the potential energy between electron & proton at a distance r is given by 3—? . Use Bohr’s
r

theory to obtain energy levels of such a hypothetical hydrogen atom.

r g W gagE 9 e & @ Rafast st _keszﬁaﬁr%wﬁaﬁmmwaﬁmm

3rd
UHR & BIdd BgIo URAT & Holl W U S |

6
E= |5 s e
2n) 6 (Ke“)'m
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2.4
Sol. F= _U_3Ker _ Ke?r
or 3

This force provide centripetal force so I8 9 WG <IT g1 USH HIAT & |

2 2
Fo mv® _ K?

r r
2
K= 1 mv2 = i Kj
2 2

-Ke? Ke* _Ke?

E ot = (Potential ReIferst + Kinetic faeT) &o1f =U+K= ——+— =— ... (i)
3r 2r 6r
2
Now, 319 mv2 = Kf
r
2
or a1 m2v2 = Kn13e
;
Kme?r?
mvr = |———
p
Kme?
mvr =

r
Now, quantization of angular momentum gives ®III HAT & FEIOSIHIOT A

L= —h = mvr
2n
nh _ mee2
2n r
Kme?
r= ——
(nh/2r)?
o= (Kme?)®
(nh/2m)®

Putting r3 in equ. (i) r3 &1 FHlo () § W W
e ()
6 (2n) \Ke’m

3. In a transition to a state of excitation energy 10.19 eV a hydrogen atom emits a 4890 A° photon.
Determine the binding energy of the initial state. Also find the nature of transition?
10.19 eV ST FHoll HI AT H HHAYT H FTggIo URAT] 4890 A &1 BIcH Iafoid AT 8 | URPAS

JTARAT B TRF FHoll ST BRI | FHHAU DI 3[a=RAT | S B |

Ans. ti)f’ =0.85eV(n = 4 to I n= 2)
Sol. Let initially atom is in nt" energy excited state

AT RS H golde= nth ST arawen #
Energy of nt level

nd R B FHoll
13.6
-
Excitation energy is the magntude of the difference of the energy of the energy level so

SIS FHofl, Holl TRI B Hoffall P <R BT YRHATT B 37d:
Excitation energy SS9 &l = En— E1
13.6

n2

En=

= 13.6 - =10.19
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Modern Physics-/

ANs:

Sol.

1r?:2'6 =13.6-10.19=3.41
= nZ=3.98 = n= 2

So, finally atom is in 15t excited state during the transition from higher one.
3IQ: JMAHTH TP I HHAU B AR WA IUId AT 3§ URATY B
Now energy corresponding to 4890A photon is 31 4890A BIEHH &1 Hd ol

34 s
Now. &1 AE = h_C - 6-6X1010 <819 < eV
A 4890x10" x1.6 x10~
=253eV

Now, let atom makes transition from nt state to n = 2 and emitting 2.53 eV photon

319 A URATY N Y Ryl | n =2 H WHHO PRA & qAT 2.53 eV BIeH SfAd B © |

En—E2=2.53eV (initially at nj = 2) (IR H ni= 2 |)
or I —1:2'6 +1§’—;6 =253 (finallyatnf=n) (3=c: nf=n W)
or i 132'6 = 12;6 -2.53 =0.87
= n2 = (1)383 ~16 => n=4 = initial state YRS e

Transition is fromn=4ton = 2.
N=4Wn=2% WEFRT B |
13.6

42

URMAIH aRAT BT g9 SHofl (n = 4) = 12;6 =0.85eV

Binding energy of the initial state (n = 4) = =0.85eV.

Suppose in certain conditions only those transitions are allowed to hydrogen atoms in which the
principal quantum number n change by 2 (i) Find the smallest wavelength emitted by hydrogen (ii) List
the wavelengths emitted by hydrogen in the visible range (380 nm to 780 nm)

I8 WY & fe Rl 4 sEgioM WA § $ad 981 FHA0 T99d § fo9H I Fared 9= n, 2 9
gEAd 21 () ERSIOE §RT ISRTG gAqH TReed $d BRI | (i) §99 RN (380 nm ¥ 780 nm) H

EIESIoM §RI Sod deed] &I gl qarsd |
() 9 103 nm (b) 16 _ 487 nm
8R 3R

Allowed energy of hydrogen atom are  TSgIod URATT] DI Sott
E1=-13.6 eV, Eo= -3.4eV, Es=-15¢eV, E4=-0.85¢eV.
Es=-0.54 eV, Es =-0.37 eV, Ez=-0.27 eV, Es=-0.2eV.
For emission of the smallest wavelength we must wave AEmax.
<A TR & S B fIT AEmax 891 A1RY |
AEmax = Es—E1

=136- 15=121¢eV.
corresponding F=fed A = h_c = Mz 103 nm.

AE 12.1

Any transition to n = 2 will lie in the visible range. so for the allowed transitions
T IR H n=2TF Py AT W1 FHAU BRT | 37 AJAA FHAY B folg
only transition from n= 4 to n = 2 will be falling in the visible range
N=4JA n=27q% & AHAY G W H 81T

AE =Es—E>=255eV

corresponding T EET A =Z—E = 487 nm.
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5.

Ans.

Sol.

Ans.

Sol.

/\g

Find the velocity of photoelectrons liberated by electromagnetic radiation of wavelength

A = 18.0 nm from stationary He* ions in the ground state.

o o # ReR He* I I IMRMd A = 18.0 nm T I8 aTell fagd ga TR ¥ Ifid Hiel

IS BT 97 S BT |
9
2 |10C 54 ael=22x108mis
m, | 18
_ 2
E, = 13.26 z
n
ForHe* & forg z=2
En= - 5424 eV
n
Ground state energy of He* ol Jfawer H He*dl SHoff
E1=-54.4eV |E1| = 54.4 eV
¢ =54.4eV  work function for He* &1 HRIGeA
34 8
Incident energy 3mufad SHoif = he _ 6'6X12 ><3><1C{19
A 18x107° x1.6x10
(KE)max = E — ¢
KEmax = 68.75 — 54.4 = 14.35 eV
(lmvzj =14.35x 1.6 x 1019
2 max
_ J2x14.35x1.6x1019
or di Vmax =
9.1x10°°
= Vmax=  /5.04x10% = 2.2 x 106 m/s

=68.75 eV

() Find the maximum wavelength A of light which can ionize a H-atom in ground state.
(I Light of wavelength A is incident on a H-atom which is in its first excited state. Find the kinetic

energy of the electron coming out.

() JBTe &1 JHTH RIS T PRI 1 ol faRAT H SIS glol URATY DI IMAMT HR Fob

(1) UBel I ST dTel B SIo URATY W A TG dTal YRl AMfad 8l 2 | a8} M arel

SIS B AN FHoll AT BRI
(1) 913A, (I1) 10.2 eV
(1) En= _136 (for H — atom )(H-9=AT] & forg)

n2
E = 13.6 ev (Ground state) (HcT 37d¥2)
Ionisation energy 3G ol = 13.6 eV
Max. wave length req. 3Maedad STfOHTH dRTaey

hc

13.6 x 1.6 x101°=

6.6x10%* x3x10°8
=

Amax. = 913 A

max 7\’ma>(
(I First excited state WrH STURTT @R n =2
total energy of electron Seldgid &1 el SHoll
oo En2 = —% eV =-3.4eV
. So work function sHfIv B wee ¢ = 3.4eV
maximum Kinetic energy = Energy incident — work function
NfFHTH ST SHott = mufad ol — B o=
= 13.6 -3.4=10.2eV
®
JANResonance

Educating for better tomorrow

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

ADVMP - 4
Toll Free : 1800 200 2244 | CIN: UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Modern Physics-/ ﬂ—

7.

AnNns :

Sol.

(b)

()

Ans.

A beam of monochromatic light of wavelength A ejects photoelectrons from a cesium surface (® = 1.9
eV) These photoelectrons are made to collide with hydrogen atoms in ground state .Find the maximum
value of A for which (a) hydrogen atoms may be ionised (b) hydrogen atoms may get excited from the
ground state to the first excited state and (c) the excited hydrogen atoms may emit visible light.

TEH )\ e arell Udh o Udrl ol WIE §dg (@ el @ = 1.9 eV) TR ufad 8ld] Wiel
SR I HRAT © | A BITT Selagi ol 3faRell dTel BISgiod URHATY § THIR o | A BT AfAHTH q14
A HRA e fod () BTegioE RATY AT 8 Fa (b) BTSRIo URATY] o 3faRqT 9§ ggall S<iford
e TP NI Bl T | (C) I BIgRIoE URATY T YHT B IS B b |

(@) hc hc hc

=———=80mm;(b)A=—— =102nm;(c) ——— =89 nm
(13.6+1.9) eV (10.2+1.9) eV (12.08+1.9) eV
To ionize the H atom in ground state minimum K.E. of photoelectron needed = 13.6 eV.
A AT ¥ EIgSIoE URAIY DI AN B B ol Mawad BIe! golagd b <A TIiael Soll
=13.6eV.
anddenm ¢=19eV
= Minimum energy (or maximum wavelength ) incident =13.6 + 1.9 = 15.5 eV

= IR =eH Hol (A7 3ff¥haH TR« ) = 13.6 + 1.9 = 155 eV
_ 6.6x10* x3x10°

or max. = =80 nm
15.5x1.6x107"
e —1zs(lL
1 2
3x13.6 -
= =10.2 eV = minimum K.E. of photoelectron needed and ¢ =1.9eV
= 3x136_ 10.2 eV = (IS BIT! gelag™ dI FAad el Holl ¢ = 1.9 eV
= Minimum energy (or maximum wavelength ) incident = 10.2 + 1.9 =12.1 eV
= MU ATH SHoll (A7 AfIhas TReed ) =102 +1.9=12.1 eV

—34 8
oral  Amax = 6.6x10 szf =102 nm
12.1x1.6x10°

Any transition to n = 2 from higher state in a H — atom results in the emission of visible light. So H -
atom must reach at least in 2" excited state (n = 3) for this,

the minimum K.E. of photoelectrons needed = Es —E1 =—1.54 + 13.6 =12.08 eV

H oA # fefl ff S2a ol R A n =2 H GFHA0 | I UHTY B Ioqoid BIdl & A H — IRATY] HH
H $H9 20 IARTT 3faReA (n = 3) H UZAM | 39 forg

IS BIT! Folag™ HI FAdH TS SHofl = Es—E1 =—1.54 + 13.6 =12.08 eV

and daT ¢=19eV

minimum energy incident 3Tafd <JAdH Hat ;—C =12.08+¢=12.08 +1.9=13.98 eV

max

6.6x10* x3x10°
S Amax = =T =89 nm
13.98x1.6x10

Hydrogen atom in its ground state is excited by means of monochromatic radiation of wave length
975A°. How many different lines are possible in the resulting spectrum? Calculate the longest
wavelength among them. You may assume the ionization energy of hydrogen atom as 13.6 eV.

ol STGAT dTel BIggIo URATY] Bl 975A° TR arell Us auff fafewor g1 s<ifora fan man 2 1 s9&
qRUTRawY Waed § fha fafr= Safad a8 | S99 9 9a9 31ffe o) axvaed STa a1 | 3
T8 A AHd & & TR URHIY B AT ol 13.6 eV. B |

16x9

6, Ay = = 18800 A°,
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Modern Physics-/ ﬂ—

Sol.

ANs:

Sol.

L=975A
_hc _ 6.6 x 10* x3x10°
T L 975x10°x1.6x10"
=0.0126 x 103 eV

=126 eV
If nis the highest state. af& n fwaq Rafa grft |
12.6=13.6 (%—izj = solving el & W n=4
n
Total no. of transtions = w =6
HA 6 THAU BRI
n=4
— n=3
n=2
n=1

longest wave length meetsforn=4ton=3

T fd T R & folu n=4Jn=3

L _p[l_1) _g[16-9)_
» 3?2 4 9x16)  16x9

16x9
7R

Average life time of a hydrogen atom excited to n = 2 state is 10~ 8 s. Find the number of revolutions
made by the electrons on the average before it jumps to ground state.

n = 2 SARTT Qfa=eN a7l FISEIO URATY BT NAT AYHTA 10-8 s B | SATEH B HA AT H M 9
Ugel T TR 3Nd gdpR SId BN |

S Amax =

6 2
joex 21010 (' g,
27(0.529x10°) " (2)
Orbital frequency el ATl

Velocity a7 _ v,
2nr 2nr 2w,

velocity of the electron in n" orbital
nth HeTT & FoldelT BT 9T

6 6
. 2.2x10°Z mfs = 2.2x10°(1) 5 y=1
n 2

=1.1 x 106 ms?
Now radius 319 f3rsar

2
m=0.53 x 1010 n =4x 053 x1010m=2.12x1010m

z

. . . . \Vj
f = number of revolution in one sec T JHUS H TFhIl Pl I = > L
r

n
. number of revolution JFHRT B AT

6
N=fxt= 1.1x10

= ——————— x 108 =8.2 x 10° revolution T&hx
2nx2.12x10
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Modern Physics-/

10.

Ans.
Sol.

11.

/\g

In a hydrogen like ionized atom a single electron is orbiting around a stationary positive charge. If a
spectral line of A equal to 4861A is observed due to transition from n = 12 to n = 6. What is the
wavelength of a spectral line due to transition from n = 9 to n = 6 and also identify the element.

TS BIgsiod F9M AT WRAY] H Th UHd goldgid ReR &9cHd A & IRl AR Helg w0 H gH
@I AR N=12 W n =6 B WMRRY A 4861A TR arell WdeH Y@ U &1 Ol 81 n=9 9

N=6% WMNRY & HRU YT WaeH Y@ P dxiaed &1 BE d1 d@ | a1y |

6563 A,Z2=3

Let the ground state energy for the given atom = Eo .

f T u=HTY] B fY qo srEven @ el = Eo .

for the transition n; =
n=12 ¥ ni=

12ns=
6 H GpHI B foru

6

wca(2-3) -a[(3]()]

for the transitionni=9 nr=6
nN=9 A ni=6H AHII & foIy
AE2 = Eo i—— .
81 36
AE1 = h_C
A
AE:= 1C - g (——ij— =B (i)
A 144 36) 4x36
AE2= M - g, (——ij - 5% (ii)
A, 144 36 9x36
Dividing (i) by (ii), (i) BT (i) § 977 <9 W,
by _ 27
A, 20
re= 20 x 9861 A
= 6563 A.
— 3% _ N _ss5ev
4x36 4861 A°

Eo=-27? x13.6 eV.

Eo=-272x13.6 eV.

Z=3

(13.6 ground state energy for hydrogen atom).

(13.6 BTSRIG URATY] B ol AT H FHoll 2| )
As Eo is the ground state energy for the given ion

ﬁﬁnﬁw%%nawwmﬁwﬁ%l

ordar  Z2=9or

For atoms of light and heavy hydrogen (H and D) find the difference;
(a) between the binding energies of their electrons in the ground state.
(b) between the wavelengths of first lines of the Lyman series.

TSSO & Bod TAT WRI GRATY (H MR D) & ford R A1 o

(a) 1 STaRRAT H Folagd DI T Holl b 7L
(b) @TSHT SO0 B Ugell N@ @ AR & 7e

Ans.

Ep— En =3.7meV, Av — Ap =33 pm
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Modern Physics-/ ﬂ—

Sol. (@) (En)n =—13.6 x e eV
1+-—e Mo
m,
(En)p = —13.6 x 1m 1 eV
1+ —= 72
rnD
AE =13.6 x 1m - 1m eV
1+— 1+ —=
m, my,
~13.6 [2— Me ]—[1— meJ ev
mD mH
=3.7mV
b - 1m R. (1_ %j
M 1+ —¢
mH
s
Moo gy Me
mD
AH—Abp =33 pm

12#  An electron in the ground state of hydrogen atoms is revolving in anti clock wise direction in a circular
orbit of radius R.

B

N

(i) Obtain an expression for the orbital magnetic dipole moment of the electron.
(i) The atom is placed in a uniform magnetic induction, such that the plane normal to the electron orbit
make an angle of 30° with the magnetic induction. Find the torque experienced by the orbiting electron.
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Modern Physics-/ ﬂ—

Ans.

Sol.

BISRIOM URATY] &I o 3faReAT (ground state) § TF golagi R &oa o gaieR wen # amEd faem 4
g9 T 2

B

-

N

(i) Wﬁ%m&ﬁugmﬁu@amﬁzﬁﬁﬁmaﬁmm

(ii) WRATY P TP GAM DI YRV B H 59 UPR @ TN & & golag P b&l $ owaq a4,
FEDII UV S A1 30° HT IV 91 © | e T ofaRe H Selagid R BRIRG I Tl A $IJ |

. he heB

(i)

(ii)
(i) In ground state ( n = 1), according to Bohr’s theory :

47m 8mm
(i) Tt 3ra=er (n=1) ¥, IR g & R

mvR = L orar v= h
2n 2mmR
2 2
Now time period 314: 3dd®Iad T = 2R = 2R = 4 mR
% h/2mmR h
Magnetic moment =@ Tl M = iA
. Charge KR e eh
where SI81 i = = =
Time period amddara 4n°mR®*  4n’mR?
h
and 3R A = 1R2
eh
M =(nR?) | ———
(7R%) £4n2mR2J
or Il M :( eh J Ans. (i)
4t m

Direction of magnetic moment M is perpendicular to the plane of orbit
DI M M @1 e Hem & T & oA 2 |
(ii) T =MxB
ordl  t=MBsin©
where 0 is the angle between M and B /&f 6, M d B & Hed I @

0 =30
= [ e stin30°
47m
_ €hB Ans. (ii)
8tm

The direction of T is perpendicular to both M and B .

TP e M9 B M & o Ead ¢ |

/\
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Modern Physics-/ ﬂ—

13.

Sol.

14.

Ans.

Sol.

A proton and an electron, both at rest initially, combine to form a hydrogen atom in ground state. A
single photon is emitted in this process. What is the wavelength ?
TEH YIS a1 U eI ol IR # faRM WR § a1 /@l # |Yad SIax sIsglol URHY] 91 & | Uh
UHd HISF 39 Ufhar # Icafdid grar 8 | aRveed @ g ?
_ 12400 eV
136 eV

=911.76 A =912 A

MP-1 ALP (Sub.)
A neutron of kinetic energy 65 eV collides inelastically with a singly ionized helium atom at rest. It is
scattered at an angle of 90° with respect of its original direction.

65 eV TSl ol &1 U =i oM o@wen 3§ Red tdhd Smafd ifeim wRAT] 4 JUART wd A
THINIAT © TB TAD! YA 3TN & AHE 90° F HIvT W YR Frar 2

€) Find the allowed values of the energy of the neutron and that of the atom after the collision.
CHPY B UTAN =YCid T BIAIH URHATY B Holl Bl FFAT A AT BRI |
(b) If the atom gets de-excited subsequently by emitting radiation, find the frequencies of the

emitted radiation. [Given : Mass of He atom = 4 x (mass of neutrons lonization energy of H
atom = 13.6 eV]
IfE gAY fAfdvor IS & UvErd SIfold Jfael YT Rl & a9 Scaterd fafdvor a1 amgf
S BRI [ T EIfRH URATY] BT GFHM = 4 x (|YCSH BT GH, BIgRIOM URATY Bl
AT Holl = 13.6 eV]

(a) 6.36 eV, 0.312 eV (of neutron), 17.84 eV, 16.328 eV (of atom)

6.36 eV, 0.312 eV (BT YgiH), 17.84 eV, 16.328 eV (BT URATY)

(b) 1.82 x 10%° Hz, 11.67 x 10%° Hz, 9.84 x 10° Hz.

Let K1 and Kz be the kinetic energies of neutron and helium atom after collision and AE be the excitation

energy.

HMT Ky T1 Ko TIFRR & TR =gl 201 SIfeiI™ URATY 1 Tfesl SHoll 8 ol AE Swiod ol & |
Ky

% K=65eV

m

4m

From conservation of linear momentum along x-direction.
X-318] @ ST NER HIT FREAT H
Pi =Pt

= V2Km = p(am)K, coso (P=N2Kmy 1)
Similarly , applying conservation of linear momentum in y-direction , we have
Sl UBR y-feem § Hd WRET I R, FH YT R Adhd ©

JKm = [2(4m)K, sin0 L )
Squaring and adding equation (1) and (2) , we get
(1) TT (2), BT PR Sed TR 8F YT R &

K+Ki=4K2 3)
or 4K2 - Ky =K=65ev . (4)
Now , during collision , electron can be excited to any higher energy state. Applying conservation of
energy , we get K = K1 + K2 + AE

/\
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TIHR B SR soAded fhel W Swg Sl WX A Swifold & Ahdl 8, Soll A&l RN &Ry IR &F
I dRd B K = Ky + Ko + AE

-3.4eV n=4

- 6.04 eV n=3

-13.6eV n=2

E. |E. [E
-54.4 eV n=1
He'(z=2)

or 65=Ki+K2+AE (5)
AE can have the following values , AE & 91 919 Ut &R 9dhd &

AE1 ={-13.6 — (- 54.4)} eV = 40.8 eV

Substituting in (5) , we get (5) # ufoRenfid HR= W, B YT A &
K1+ K2=24.2eV

Solving (4) and (6) , we get (4) TAT (6), P T B WX &F U P =
K1=6..36eV and K2 =17.84 eV

Similarly , when we put AE = AE> 3 UBR, W9 89 AE = AE, UftRenfid &vd =
= 6.04 — (54.4)} eV
=51leV
in equation (5) , we get FHIAEROT (5) § TfReUT &)+ WR, 89 Ul HRA ®
Ki+Kz=14ev .. (8)

Now , solving (4) and (8) , we get (4) AT (8) B! &A B UR 8H YT &l ©
Ki=-1.8eV anddl K =15.8 eV

But since the kinetic energies cannot have the negative values , the electron will not jump to third
excited state of n = 4.

foheg Gfh RIS ol FOMHD &I 81 Fahell 3T Solaeid Juoird IIford el H &l g

Therefore , the allowed values of K1 (KE of neutron) are 6.36 eV and 0.312 eV and of Kz (KE of the
atom) are 17.84 eV and 16.238 eV and the electron can jump upto second exicted state only (n = 3).
A Ky (RS @ TIRIsT SHol) BT 31gAT A 6.36 eV T1 0.312 eV BT & T1 Ko (YRHATY] &1 IS i)
@ A 17.84 eV AT 16.238 eV B B qUT Aiag 3 S<IfTd *rawen (n = 3) § ugd e ©

(b) Possible emission lines are only three as shown in figure. The corresponding frequencies are

TG IS @R REAR $ad O 8 | 9 Agfodl e g8rl

n=3
1 2
n=2
3
2 n=1
o= E—E)
h
_ {- 6.04 - (—13.6)}><1.6><10’19
= = Hz
6.63x10
=1.82 x 1015 Hz
V2 = E-&
h
_ {—6.04—(54.4)}><1.6><10’19
= Hz
6.63x107%

11.67 x 1015 Hz
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Modern Physics-/ ﬂ—

and den V3 =

_ {-13.6-(54.4)}x1.6x10™"
6.63x107
=9.84 x 1015 Hz
Hence , the frequencies of emitted radiations are 1.82 x 1015 Hz , 11.67 x 105 Hz and 9.84 x 105 Hz.
31, Scafsta fafdwor @t smgfodt 1.82 x 1015 Hz |, 11.67 x 105 Hz 11 9.84 x 1015 Hz B |

Hz

15. Suppose the potential energy between electron and proton at a distance r is given by U = ke fnL ,
a

where r < a and k,e,a are positive constants. Use Bohr’s theory to obtain the energy of nth energy level
for such an atom.

HT%R?rr@ﬁwﬁ%sﬁaﬁ:{aq‘reﬁzﬁ@aﬁaﬁmmumezné J N o R, TE r<adum kea

gTHS ReRTH B 39 IR & WA & forin d Solf wR & Sl drex g 9 o sRY |
nh

1
Ans. —ke |1+ 2In| ———
2 ( [Zmlkema2 D

Sol. |F|=2 = ==

or r r
= mvi=ke .. Q)
Also TIT mvr = o (2)
T
V= Eandﬁaﬂr: nh m
\I m 2mm \}ke
En =KE + PE

lmv2+U :lke+kelnmfi
2 2 2na \ kem

% ke [l+ 2€nLJ

2nKema?

16. A positronium consists of an electron and a positron revolving about their common centre of mass.
Derive and calculate
TS Foldgid Ud U Urolig 9 a1 T UGGl ad 96 SHAMS SAM & & daR1 AR Fdd ol I8
2| v Reifid gd o ST
(i) Separation between the electron and positron in their first excited state.
Yo IIToTd ARl § Seldg [ U Uieig™ & 9 1 |
(i) Kinetic energy of the electron in ground state.

o ol WR H SAag Bl RISt SHof |
2h?  A4ne,

X
m e’

2
Ans.  (i)ro= en

=4.23 A (ii) %m ( J J=34eV

Are,
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Modern Physics-/

Sol.

17.

AnNs.

From Bohr hypothesis g% @1 3ffReRom &
mv? 1 e

12 4mg, r?

= 2mv2r = . e? (1)
g,
and @ nh =mvr .(2)
2n
from (1) and (2) (1) 9 (2) &
1 e’ 2n
V= L ——x ==
4ng, nh 2
1 e’n
4ng,  nh
. _nh 1 4regnh _ 2g0n°h?
() r= — . —. : = -
2r  m e'n nme
2 2
i) KE=2mv?=21m|-2| =34ev
2 27" 4ggh

In a photo electric effect set — up, a point source of light of power 3.2 x 103 W emits mono energetic
photons of energy 5.0 eV. The source is located at a distance of 0.8 m from the centre of a stationary
metallic sphere of work function 3.0 eV & of radius 8.0 x 103m. The efficiency of photo electrons
emission is one for every 108 incident photons. Assume that the sphere is isolated and initially neutral,

and that photo electrons are instantly swept away after emission.
€) Calculate the number of photo electrons emitted per second.

(b) Find the ratio of the wavelength of incident light to the De — Broglie wave length of the fastest

photo electrons emitted.

(c) It is observed that the photo electron emission stops at a certain time t after the light source is

switched on. Why?
(d) Evaluate the time t.

U&H YHE—dgld U9E & ARG H, 3.2 x 1073 dfc ofdd &1 9dbe &1 Uh a5 91d 5.0 eV Foll &
THaUiTg BIeiH IAfd PR I8 2| I8 9Id 3.0 eV SR Bald B o1g & 8.0 x 1034, 5 & Rer M

D D= F 0.8 B g R Ryd B| WIS IS &Y & Ui 108 mufad wieH & ford ua &
21 9F Al {6 o™t # e AT den SSRIF  (neutral) @ @1 ®ITT Soldgid Icdoid @ R 918 o

T8l | Fol I 2 |

(a) I AHUs SN BIe! Soideid & AT S1d B |

(b) AT UHI B TR Tl SAfoid Aaad BITl Soldeie & S—dMTell T & dr9 I1guTa

ST B |

(c) T8 IR A fF YHRI—AT PI AT FIA (switch on) F HTH FHA t IS BIC] FATEIT BT IO

wH T | RAT?
(d) TG t HT A T B |
(@) 105s7 (b) 286.18 (d) 1000 sec =111s

/\

®
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005 \

Toll Free : 1800 200 2244 | CIN: UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Modern Physics-/ ﬂ—

Sol.

(A) Energy of emitted photons ST BT @1 ol
E1=5.0eV=5.0x1.6x101J. =8.0x10-1],
Power of the point source is fd=g W1 ®1 wfad 3.2 x 10 W or 3.2 x 103 J/s.
Therefore, energy emitted per second g¥feTt Ufd dHvs I@fta SHolt |, E2 = 3.2 x 108 J.

m

Hence, number of photons emitted per second 3Ta: Ufd dHvs IRTT BISH & F&IT ni= —2
1
-3
or Al g = 3.2x10
8.0x10™
Number of photons on unit area at a distance of 0.8 m from the sources S will be

Ad S¥ 0.8 m g R Red Ul 31z &F%hd W BISHl & &

ng = n, _ 4.0x10"
41(0.8)? 47(0.64)
The area of metallic sphere over which photons will fall is :
Tg BT &% 5 W B frar 2
A=nr2=7(8 x 10%)? m? ~ 2.01 x 104 m?

Therefore, number of photons incident on the sphere per second are

ST el R Ufd dhvs AR dTel BieHl &1 |& T |

n3=n2A = (5.0 x 10%x 2.01 x 10#) ~ 10! /s.

But since, one photoelectron is emitted for every 10% photons, hence number of photoelectrons emitted

per second.

TR=] 106 BITH TR UH BIC] goldgi Scafoid sl 8 | 3d: Ui Hahvs Icaroid B! Solagidl &I |

= n1= 4.0 x 10% photon/s.

~ 5 x 104 photon/s m2.

11
= n_36 = 106 = 105/s. orar n=105/s.
10° 10
(B) Maximum kinetic energy of photoelectrons Kmax = Energy of incident photonss — work function.

BIS! ST B IMfAHAH TS Holl Kmax = MIRIT B & Holl — B Held
=(5.0-3.0)eV =2.0eV =2.0x1.6x101°J.
Kmax = 3.2 x 1019 7.
The de-Broglie wavelength of these photoelectrons wil be
39 WIT! Sodgid B SI—FTell aRITqed
h h

A= E: —eraxm .

Hence h = Planck’s constant and m = mass of electron.
I h =idh IATH T M = SAFRIT BT GIA
_ 6.63x107%
J2x3.2x10%° x9.1x10%
=8.68 x 101°m =8.68 A.

Wavelength of incident light 3mafid waTer &1 a=eqed A2 (in A) (A #) =

AL

12375
E, (in eV)

12375

or T A2 A=2475A.

Therefore, the desired ratio is : 31d: 3MaTAD AT 2
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18.

ANs:

Sol.

(C) As soon as electron are emitted from the metal sphere, it gets positively charged and acquired
positive potential gradually increases as more and more photoelectrons are emitted from its surface.
Emission of photoelectrons is stopped when its potential is equal to the stopping potential required for
fastest moving electrons.

(C) S-S ®iT ¥ Soidei Mddd & | I8 g9 d 8l Sl & a7 U fham 11 M1 fava emar
gedT & dT a8 ¥ AP Bl goaee Fhad & | o9 fawa R favg & R 81 ® @1 Bl soaeid
BT I 4§ B I B |

(D) As discussed in part (C) emission of photoelectons is stopped when potential on the metal sphere is
equal to the stopping potential of fastest moving electrons.
Since, Kmax = 2.0 eV.
Therefore, stopping potential Vo = 2 V. Let g be the charge required for the potential on the sphere to be
equal to stopping potenmtial or 2 V. Then
(D) 9T (C) ¥ <@ g © b o9 fava, g Tirfia soag@ & PRI fdwa & a_1eR 8ran 2 a1 wieHl &1
IS 8 B A B |
3d:, Kmax = 2.0 eV.
gafery R g Vo= 2 V. | 991 q M & iU emagass emawr 8 | g s9a1 fava ARl fovg 2 v &
IR B A B AT —
2= 1
Ame,
q=178x1012C.
Photoelectrons emitted per second = 10° [Part a]
or Charge emitted per second = (1.6 x 10-%°) x 10° C.
= (1.6 x 107 C.
Therefore, time required to acquire the charge q will be
gy AFpvs INTT Bl Seldgi= = 105 [H1 a]
gfd dPpvs I I = (1.6 x 10-19) x 105 C.

= (1.6 x 107 C.
$9feTy q @Iy & forw FHg
(= q _ 1.78x107"
1.6x10™ 1.6x10™
or gl t=111s.

q _ q
=~ =(9.0x10% ————
r ( ) 8.0x10°°

The Kp x-ray of argon has a wavelength of 0.36 nm . The minimum energy required to take out the
outermost electron from argon atom is 16.53 eV. Find the energy (in KeV) needed to knock out an
electrons from the K shell of an argon.

M @ Ky x-fHRor @t aRareed 0.36 nm B | 1 WRATY] & He I8 &7 | Soldgid Bl e AT
® T <JATH MMaeIP SHoll 16.53 eV & | 3 URAIY & K B&T I Fa dT8] goldei= Bl qrex e &

o1 amazasd Soft (keV #H) ST PR |

[h—cg+1e.53}ev: 4 KeV
0.36x10 %€

The minimum energy to ionize will be when the outer most shell electron is remove i.e., from n = 3

shell. The energy of Kp corresponds to energy transition from n = 3 to n = 1. Hence, energy required to
remove electron from K—shell.

AT B & folg Sol gAdH BNl 9 G 98] AR Bl TS WY AT n = 3 B Kp B

FHOI N=3An=1dP Holl THHAIT B FId & | 3 KB A SAFel Bl 8 B foIy Maegd Sl |

E = Exp + Eionization

12400
3.6

eV + 1.546 eV

3.44 KeV + 16.54 eV = 3.45 keV.
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Modern Physics-/ ﬂ—

19.

Sol.

A schwarzschild black hole is characterized by its mass M and a mathematical spherical surface of

radius Rs = Zg_zM called the event horizon. If the radial distance of an object r from the black hole is

such that r < Rs, then the object is “swallowed” by the black hole and r rapidly decreased to the
singular pointr =0

(a) Suppose a black hole of mass M “ captures” a proton to form a “black hole proton atom (BHP)” in
circular orbit. Find the smallest radius rgs of this atom.

(b) Obtain a numerical upper bound on M such that a stable BHP may exist.
(c) Find the minimum energy Fmin, in Mev, reuired to dissociate this BHP atom from the ground state.

(d) In 1974, Stephen Hawking showed that quantum effects cause black to radiate like a black body
23

with temperature Ten =

. Discuss then the possibility of the existence of a stable BHP atom.

w@mﬁamwmawﬁw&:ZSMa%TrUﬁ?‘ﬂuTﬁaﬁuwmaﬁw&ﬁﬁﬁﬁ%aﬁ@a&

2

B 9 a5y o B g r 39 UBR B fF r <Rs 9 I%g B <Ib B §RI &b QAT ST & AT 1 Bl

IO | "ed gy I far S ¥

(@) I8 AR & M oMM &1 <@ B g Befl H Tdh UIerd &l T80 B «id sl WIeH URAT]

(BHP) 99T 2 | 39 WRATY] &I =gAaH A1 rs A1 &R |

(b) M &1 TATHS HURI 95 A F1d I s IR BHP IuRerd 81 9 |

(C) I JaAT ¥ 59 BHP WA 1 fIAIRTT R & oY Finin BT 3MaeIS RAAH A Mev § S1d 3R |

(d) 1974 ¥, W%+ gMfb7 - YaRid fhar & Famwed gv@E & HRU FHiore aeg &1 FEior g & e
10%K

T Teu= 2| I BHP URATY] 31 ARTEdl & FHIET B Fawe Hifory |

(@) rs = i

GMm?

(b) M < 2 x10'1 Kg.

(¢) Emin. = 55MeV

23

(d) For M = 1011 Kg. Ten =

= 102K At this temperature thermal energies kTsn = 82 MeV. The

10"
dissociation energy required is 55 MeV. Thus the BHP is thermally unstable.
23
(d) M = 101t Kg & ford Ten = 100—15 = 102K 39 919 WX A $Hoif  kTen = 82 MeV. AMaedd fagreH

ol 55 MeV 2 | 31d: BHP arqiy 3R g 2 |
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