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CHAPTER 1: DUAL NATURE OF RADIATION AND MATTER

Test Your Concepts-I
(Based on Photon Properties)

1. For completely absorbing surface,

3
== B0 7510 N2
C 3x10
[ c
2. f=—Ll-=—
/ 2y A
o 2 2mon _ (2n)(3x10°)(0529x107°)(10) 4
) (22x10°)
= A=453A

3. For an electron, de-Broglie wavelength is given by,

’150 150
A, = |[—=,|[—= 6
Vv 25 Ve

= A=25A
4. Power of transmitter =10 kW =10* W
So, total energy emitted per second is 10* ]

Energy of one photon,

_he_ 6.63x107 x3x10° ]
A 500
Number of photons emitted per second is

E=hyv

. Total energy emitted per second
- Energy of one photon

10* x 500
n= ! 5
6.63x107" x3x10

=251x10"

5. Energy of one photon is
he

E=—
A

p_ 6625x107 x3x10°
5600 x 107"

Since a 100 W bulb supplies 100 ] of energy per second.
So, energy released per second as visible photons is

1
£ 00><5=5J
100

Number of photons emitted per second as visible
light is

E__ 5

E 35x107"

=35x107"]

=143x10"

Energy of each photon is
E=hv=662x10x10"% =6.62x1072 ]

Number of photons present in 6.62] of radiation
energy is calculated by using

E=N(hv)
= £ - & -10%
hv 6.62x1072
(a) Energy of each photon,
E=hv=6.63x10"*x6x10*=3.98x107" ]

(b) If N is the number of photons emitted per second
by the source, then
Power transmitted in the beam is
P =N (energy of each photon)
= P=NE

P 2x10°W
= N:—=—_19
E 398x1077]

= N=5x10" photons per second.

The total energy of an electron with rest mass 1, and
momentum p is

E=mic*+ pzc2

where ¢ is the speed of light in free space. Law of
Conservation of Energy requires,

[ Rest mass ]+( Energy of]_( Total energy of )

of electron photon ) | moving electron

= mc’ +hv=mict + p*c? (1)

Law of Conservation of Momentum requires.

Initial Final
Momentum
momentum |+ =| momentum
( of photon }
of electron of electron
h
= 0+—-=
2 P
hv c
W R
- c P [ V}
= hv=pc (2

Squaring both sides of equation (1), we get

mact + W2 + 2mycthy = mic* + p’c
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10.

11.

= Z(mﬂcz)(hv)=0

This is impossible. In a frame, where the initial elec-
tron is moving with uniform velocity, the same conclu-
sion must hold because if a process is forbidden in one
inertial frame, it is also forbidden in another inertial
frame.

{using (2)}

KE of an electron is
E,=50eV=16x10""x5x10*J=8x107" |
de-Broglie wavelength of electrons is
h

2mEy

6.63x107*
= m
J2%9.11x107 x8x 107

= A

5 663x107"
C1207

For yellow light, wavelength A =59x107 m

m=55x10"2m

As resolving power is inversely proportional to wave-
length, so the resolving power of an electron micro-
scope is about 10° times greater than that of an optical
microscope.

The kinetic energy of a particle of mass m can be
expressed in terms of its momentum p as follows

2 2

KE=-mv*= 1 (o) _r

2 2 m 2m

As de-Broglie wavelength, 1= k
P

. Ae _pp_ (2mp-KE _ [mp
Ap  p. \2m,-KE m,
As m, <mp , therefore, 4, > 4p

Thus, the electron has greater de-Broglie wavelength.

Kinetic energy of electron is

2 2 2
EE,:lmUz:l‘(mv) =p—= h 7 {,pzﬂ}
2 2 m  2m 2mA A
Energy of a photon is totally kinetic and is given by
he
Ep=hv=—
‘ A

Ep _he 2mat _ 2mcA

: —_—
E, A K h
E m

e e

Thus, the KE of a photon is greater than that of an
electron of same wavelength.

12.

13.

14.

15.

The total relativistic energy of a particle is

E= ,r'm0(54 + pzcz
Aswavelength A is same for both electron and proton,

h
Since, momentum, p= 7 is same for both particles

and hence p’c” is same for both.

But rest mass m, of a proton is greater than that of an
electron, therefore, the energy of a proton is more than
that of an electron of same wavelength.

Force on space vehicle is

P 100

JF:_z—g=3.33><1[)‘7’ N
¢ 3x10
v
Accelerationis 4= —= 333x10™
m 50

= a=666x10" ms”
Momentum of photon having wavelength 1 is
_h_6626x107"
A 5200x107
Momentum of electron moving with a velocity v is
p,=mo=91x10""v

Since the photon and the electron have same
momentum

_6.626x107*
5200x 1070

= ©0=1400 ms™

= 91x10°%

(a) The energy of each photon (in eV) is

he_ (414%107° eVs) x(3x10° ms™)
A 496 nm

1240 eVom
496 nm

= E=4x10"Y]

E

=25eV

In one second, 10 ] of energy passes through any
cross section of the beam. Thus, the number of
photons crossing a cross section per second is

10
" 4x107"
This is also the number of photons falling on the
surface per second and being absorbed.
(b) The linear momentum of each photon is
h hv

p/l_c

=25x10" photons/sec

The total change in momentum of all the photons

falling onthe surfaceis Ap = N( hv) = (nAt )( hv]
c

c



16.

17.

18.

ICON

As the photons are completely absorbed by the surface,
this much momentum is transferred to the surface per
second. The rate of change of the momentum of the
surface, i.e., the force on it is

F:%:n(h—v): 10 3
At c 3x10
= F=333x10°N

200 Js'

-19
TS R

The energy of each photon =

Wavelength = 4 = h—;

6.63x107 Js)x(3x10° ms™)
(5x107)

= 1=4.0x107 m =400 nm

2

The energy of each photon is

e
A

(6.63x107* Js)x (3x10° ms™)
663x10~° m
= E=314x10"]

E

The energy of the laser emitted per second is 5x 107 J .
Thus, the number of photons emitted per second is

n=—
E

5x107° ]

n=——o—" < =16x10" photons/sec
3.14x1077] P /

The linear momentum of the photon is

_h_663x107% s
A 122x10° m

As the photon is absorbed and the atom stops, the total
final momentum is zero.

From conservation of linear momentum, the initial
momentum must be zero. The atom should move
opposite to the direction of motion of the photon
and they should have the same magnitudes of linear
momentum.

= (167x107% kg Jo=543x10"7 kgms™

=543x10" kgms '

543x1077
.

= 72;,ms’1 =3.25ms"
1.67 x10™

Hints and Explanations H.5

Test Your Concepts-Il
(Based on Photoelectric Effect)

1.

Since,

E=hv= (4.316><10’15 e‘/—sec)(l.leUl5 sec ! )
= E=65eV
= Kupn=E-W=(65-37)eV=28¢eV

The energy of incident photon in eV is given by

12400
2480

= E=(5)(16x107)]=8x107"]

E

eV=>5eV

The number of photons emitted per second by the
source is

Powree _ 40
Eqachphoton 8X 10"

CHAPTER 1

n= =5x10" photons/s

The number of photons incident on the metal surface
per second per unit area is

n n 5%10"
Oy =—

=—= =0.995x10"
A 4wt 4x3.14%(2)

2

= ¢y ~1x10% s'm

The kinetic energy of the fastest electron is given by
Kpax =E= 6y

= K,,=5eV-37eV=13eV

The threshold wavelength for the given metal surface
for a work function of 3.7 eV is given by

A, 12300 5 33514
3.7

K
“1l_5
K2
AE, -W
L =5 (1)
AE, -W
‘ E4=—0.859V
I E,=-151eV
T E,=-3.4¢V
Y YY £ -_136eV




ICON

H.6 )EE Advanced Physics: Modern Physics

Here, AE, =E,-E, =1275eV and

Substituting in equation (1) and solving we get
W=1193eV
4 K =E-W
o 3eVs 12375 12375
A 5000
= A=2260 A
5. Since, E(ineV)= 1237?
Min A)
Fi= 20 475 eV
5000
5= 12575 =2.06eV and
6000
Ey= 12575 1.77 eV
7000

Since, W is 1.9 eV, photons of energy E; and E, can
only emit photoelectrons. Charge emitted per second
is
1 6X1019)(1] (10°)(10*)
I 2
g 3/ 2x(10) x2475x1.6 107"

_3 4
(1.6><1o-19)[1) (120 )(107)
B 19
ax(107°) x2.06x1.6x10

. % =928x10° C=9.28 mC

6. E=127_31ey
T 4000

Ey= 2P 957V
4800

12375

E,=——=206eV and
6000

E,=5D 177y
7000

Therefore, light of wavelengths 4000 A, 4800 A and
6000 A can only emit photoelectrons.

So, number of photoelectrons emitted per second is
LA, LA, LA
_ 171 + 2772 + 373

El EZ E3
o EE2+ BaEs + EiEs
EIEZEB

(1]
(1.5x107)(10*)
= X
1.6x107"
[3.1x2.57+2.57x2.06+3.1><2.06]
3.1x2.57 x2.06
= n=112x10"
7. (a) hvg=W=375x16x10"]
-19
V0=3.75><1.6><_1i) 105 Hy
6.6 x10
12375
= eV=625eV
(b) 1980
= K,n=25eV
(¢) Kya=2eV
8. K_ =E- W—E—E
A A
8 3
181610 = 13X 10 1)0—}’(3"10 ) .0
5461%10” Ao
he  he
Further, eV, =FE-W=———
urther, eV PR
8 8
 exlex10 < n(3x10°) K(3x10°) @)

1849 x10"° A
Solving equations (1) and (2), for h and 4, , we get
h=66x10"Js
and A, =5990.25 A

9. From Einstein’s Photo-Electric Equation, we have

1 5, he
— =—-W (1
2”“’1 oy (M
1 2 hC
— =—-W (2
2”“’2 R )

Dividing equation (1) with equation (2), and using the
given fact that v; = 20, , we get

he _w
b
2w
’12
L gy he) (he)_4x12375 12375 __ o
7o) (A ) 5400 3500
= W=19eV

10. From Einstein’s Photo-Electric Equation, we have

06="27 (1)
4950
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1.1=¥7w .(2)

Solving above two equations, we get
W=19eV and A=4125A
No change is observed.
11. Since, W=23eV and A=2800 A

12375 12375
E(ineV)=
A(mA) 2800

(a) From Einstein’s Photo-Electric Equation, we have

=44¢eV

K...=E-W
= Kp=(44-23)eV
= K, =21eV

(b) Since, K, =€V}
= 2leV=¢l
= V,=21V

12. Energy of incident photon in eV is
12375
1500

According to Einstein’s photo electric equation, we
have

E= ¢0 +Kmax

E= eV=825eV

= % = E_Kmax
= ¢,=(825-3)eV=525¢eV

Threshold wavelength for the metal surface corre-
sponding to work function 5.25 eV is given by

A= 20 k=037 A
525

Stopping potential for the ejected photoelectrons is
given by

K v
Vo = Rmax 3V _ 5y
e (4

13. (a) The work function of tungsten cathode is

he

0=

! ‘;l’th

0y = @ eV=54eV
2300

(b) The energy,in eV, of incident photons is

=
A

14.

15.

Hints and Explanations H.7

E= 12575 eV=69eV
1800

The maximum kinetic energy of ejected electrons
can be given as

Kmax:E_q)D
-  KE,, =(69-54)eV=15eV

The energy (in eV ) of the incident photons is

123'75 eV=55eV
2250

Since. the stopping potential for ejected electrons
is 1.5V, so the maximum kinetic energy of ejected
photoelectrons is

K, =eV.=15eV

Applying Einstein’s photo electric equation, we get
= 0p=E-Kun=(55-15)eV=4eV

Energy (in eV) for photons of high intensity light of
wavelength 6875 A is

, 12375
6875

Since, E"< ¢y, so the photocell will not work even if
irradiated by this high intensity light.

eV=18eV<yg,

(a) Given that the threshold wavelength of a metal is
Ay, =2750 A. So, work function (¢, ) of metal is

he
o=
P
12430
eV=45eV
to= 2750

(b) Theenergy (E) of incident photon of wavelength
1800 A on metal in eV is

12430 eV =69 eV
1800

So, maximum kinetic energy ( K
electrons is

Kmax = Ei‘pﬂ

of the ejected

max )

= Ky =(69-45)eV=24eV

(c) Ifthe maximum speed of ejected electronsis v
then

max ’

“mv?  =24eV

-19
- :\/2x2.4><].6><10 —9910° me!

9.1x107!
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16. According to Einstein’s photo-electric equation

K =limv2 =hv-¢,

max max
2

= K, =49-45=04¢cV

If p be the momentum of each ejected photo electron,
then

p = ZMKITIHX

Also, we know that change in momentum of a body
is equal to impulse. Hence the entire momentum of
electron is gained when it is ejected out from the metal
surface, so impulse (]) on the surface is given by

}=AP= vmernax

Substituting the values, we get maximum impulse

[=2%9.1x10 ' x04x1.6x10 "
= [=345x10" kgms '

Single Correct Choice Type Questions

1

E =nhv
= E:P:[E]hv
t t

Hence, the correct answer is (C).

he
5eVy=—-W (1
Vo=~ (1)

Hence, the correct answer is (A).

h
\2meV
h
2MeV

A=

A=

m
M
Hence, the correct answer is (B).

~

= A=

10.

11.

12.

1
= A=kE?

= logel=logk—%logE

Hence, the correct answer is (A).

E=mc’

2)2
v
= E=m062[1——2]

. [
Since —« 1
C

2
2 U
= E=my [1+FJ

1
= E= mo.c2 +—mov2
2

Hence, the correct answer is (C).

Since both have same de Broglie wavelength, hence
both must have equal value of momentum.
2

Since, E= P
2m
E m nearest possible
= —¢=-F=1840=2000 approximation
p M to answer

Hence, the correct answer is (C).

E*= pzc2 + m§c4

= E2=p*?+E {where E, = m,c* }

E E,Y E
= p=—J1-| 2| == (forExE
P c (E) c (or 0)
= /1=E=E
p E
For a photon
E=hv=E
Ay
= /1],=E=/1
E

Hence, the correct answer is (A).

Energy of each lump before collision is

E:mczziz—moc

The energy of composite lump after collision will
be Mc*.



13.

14.

15.

By energy conservation principle we get
Total initial energy = Total final energy

= E moc2 + Emocz = Mc?
3 3
= M=—m
3
Hence, the correct answer is (A).

muv

r=—
qB

2x107
r= 1l 3
1.76 X107 x2x10
= r=0.0055m

= D=2r=0.011m

= D=1l1cm

Hence, the correct answer is (C).

1 1

_13.6x5

AE =1.89eV

Photoelectrons with K,
path, so

X

mov

r=—
qB

= mv=qBr

= p:qf;r=1.6><104"‘><L><10*3
3200

= p= % x1072 =5x107 kgms ™

Energy of photoelectronis K = o
m

_ 25%10™ W
2x91x107 x1.6x1077
= K., =086eV

Now using Einstein equation, we get
hv=0+K_,,,

= 189=056+¢

= ¢=1.03eV

Hence, the correct answer is (A).

=

max

F= 1( Effective Area)
c

2
= F=£(7r11;1)=E
c c

Hence, the correct answer is (A).

ICON

16.

17.

18.

are moving on circular

19.

20.

Hints and Explanations H.9

E
Let p=—
P c
o yeE ()2
C c c
Hence, the correct answer is (B).

h
2meV

A=

A
So, when V becomes 4 V, 1 becomes 5

CHAPTER 1

Hence, the correct answer is (C).

Energy of falling light

p e _(414x10™)(3x10°)
A 3x107
= E=414¢V

So, electrons are emitted with a kinetic
energy =4.14-1=3.14eV

= % mo® =3.14x1.6x107"

\/2 x3.14%1.6%x107"
= = 1
9.1x10

= v=12x10° ms™

Hence, the correct answer is (D).

! {'.'lmb@:e\/}
29V 2

=22

com,, =4y, g, =2
A — { mg, = 4hip, q ‘i'P}

Hence, the correct answer is (C).

h 1

o ——

y2mgV \/V

Rocl and A=
A

= Ruﬁ

Ry _ [80KV _,
R, \20kV ~
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21.

23.

24.

25.

= R2 = ZR] = ZR
Hence, the correct answer is (B).
N;+N,

N, (10)+ N, (11)
N;+N,

10.81=

Solving, we get

N 01919
N, 081 8l

Hence, the correct answer is (A).

Since plate is in air, so gravitational force will act on
this

Fgravitational =mg {dOWnWal‘d}
— -3
= Fgravitational =10x10 " x10

-1
= Fgravitational =10 N

for equilibrium force exerted by light beam should be

equal to F gravitational
E photon = gravitational

If power of light beam be P, the photon force is
P
F photon =

= P=30x10%x10"

= P=3x10' W
Hence, the correct answer is (B).

For a photon A=E=E
p E

For a particle of mass m moving with a velocity v de

Broglie relationship is given by
p=t
my

Hence, the correct answer is (B).

)

Also %{:‘0 E = Energy

Volume

= Energy = (%EDES )( Volume of cavity )

= Energy= (%%ES )(Area(cAt))

27.

31.

35.

36.

37.

38.

L ] ]
he 1
HI:EEOES(ACAI')

n _ (Number of photons striking the desk )

AN (Area)(time)
oAk
AAt 2 h

Hence, the correct answer is (C).
I
Kx =—(:rR2)
"¢

I 2
= X =—(er )
’"kC
Hence, the correct answer is (B).

According to Einstein’s Photoelectric Equation
Ex=hvy-¢

= 0=hVO_¢
= ¢=hVO=E
A

(6.626x107™)(3x10°)

= 4x16x10Y=
/10

= 1,=3100 A
Hence, the correct answer is (C).

Stopping potential of 1.36 V implies Ey =136 V.
Since hv=¢, +Ey

(4.14x107)(3x10%)

s00x10 0 ot
= 246=4,+136
= g=11eV

Hence, the correct answer is (C).

Stopping potential is independent of intensity and
depends upon frequency.
Hence, the correct answer is (A).

Saturation current o= (Intensity)
= Saturation current = 4(0.4 tA)
= Saturation current =1.6 uA

Hence, the correct answer is (C).

1 h

“mo? =W (1)
2 A

lmv’z:h—CI—W ..(2)
2 34/4

Dividing, [v—] =3
U -



39.

40.

42.

45,

ICON

v >0, |-
3

Hence, the correct answer is (D).

1 5
—mv” =k;T
7 B

/2k T
v=,[—2
mn

= A=

h

2mkgT

Hence, the correct answer is (B).

%mpvz =eV
2eV
= v=|—
My
h
Since, A =—
m,v
p
= A= .
2m eV
r
0.287 , [ 18 de-Broglie wavelength
= A=—=A]| fora proton accelerated
WV through a potential V

1227 . [ is de-Broglie wavelength
= A=—= A for an electron accelerated
W through a potential V

Hence, the correct answer is (B).

Number of photons per second entering human eye
are

_PA

ke

-10 -9
. 1077 x660x 10 « 10~
6.63x107* x3x10°

= n=331x10"
Hence, the correct answer is (C).

n

The net force on the plate is due to incidence of pho-
tons + due to emission of electrons. The number of
photons incidents per second on the plate = number of
electrons emitted per second
IS
n=—
hv

h
The momentum of photon is 7 and that of electron

is \2m(hv—¢) where m is the mass of the electron.

Hence the net force exerted on the metal plate is

51.

52.

53.

55.

56.

Hints and Explanations H.11

il )

Hence, the correct answer is (B).
_ nhe
T

nx6.6x107* x3x10°

= 17x107°= —
6000101 x 1

= n=515=5
Hence, the correct answer is (B).

(e/mp) _
(2e/4mp)

Hence, the correct answer is (D).

According to Plank’s Quantisation Law.

CHAPTER 1

o 107 (g](6.626><10‘34 )(3x10°)
t 5000 x107%°

= %:2.5)(1011

Hence, the correct answer is (B).

he
—=¢,+25
7 [0

he ,
_(/1-"2) =+ Ex
/

he
E,-25=—
K A

Ep=2.5+414
Ej = 6.64 eV
So, stopping potential is 6.64 V>5V
Hence, the correct answer is (D).
l=—

mo

If E is kinetic energy of electron, then

E=1mf
2

= U=

2

m
o oo

2mE

Hence, the correct answer is (B).
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57.

58.

59.

61.

62.

63.

64.

66.

67.

Energy of falling photon < Threshold energy. So, no
photoelectric effect takes place.
Hence, the correct answer is (C).

Since A= E
P

For identical p’s, 4 are identical
Hence, the correct answer is (D).

hv=E,+¢

L >
= hv-¢==mv
¢ 2

o e 2(hv-9)
m

o e 2(hc—-2¢)
ma

Hence, the correct answer is (C).

Stopping potential is 4 V. So, maximum K.E. is 4 eV.
Hence, the correct answer is (B).

Photoelectric current < Intensity
= de]
= 1=kl

Hence, the correct answer is (C).

1mv2 =eV

2¢eV
= v=1/—
m

Hence, the correct answer is (B).
Since AEAt2h

= AE(10%)=6.6x107

= AE=66x107]

Hence, the correct answer is (A).

AAF lﬂxlmmz

C

I=

_100x10™ x2640x 107"

N 2
(3x10%) x6.63x10™

= N =442 photons mm

Hence, the correct answer is (C).

F= i( Effective Area)
c

2
o F=l(zrr)-"1
c c

Hence, the correct answer is (A).

68.

69.

70.

71.

Initial de-Broglie wavelength is

mu,

Attime {, we have

ﬁ=%3+[‘f’f}f
m

m
= A o L
2 mll szvé_'_quztz
A
Since A, =L

= Jmi+ qZEZtZ =2my,
= 3mv = qZEZtZ

fo \/Emvo
qE
Hence, the correct answer is (C).

Speed of first electron may increase or decrease,
depending on the direction of electric field. However
in the case of electron entering the magnetic field speed
remains constant. Since, from de-Broglie relation

p=tt
mo

= ML>4L O0R A, >4

are both the possibilities.
Hence, the correct answer is (D).

h
—=mgv
A
= A=364nm
Hence, the correct answer is (C).
h
K =2 _w (1)
A
he
Ko=—-W 2
=2, @
Since, 4, =24,,so (1) becomes
Kl=£_W=1 E W
24, 2\ 2,
1
= Kl=&—E
2 2
K
= Kl«<—2
2

Hence, the correct answer is (C).
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72. Total energy radiated per minute from sun is
Eradiated = O (47‘7R52e )
Energy radiated annually is given by
Eiota1 = 24 X 60 X 365 X E_ jiated

= Annual loss of mass = Am = E%*al =138x10"7 kg
C

Hence, the correct answer is (C).

73. Since v=ac {where o « 1}

the electron is moving at non-relativistic speed.

By Law of Conservation of Momentum
h h
—+—=mv
AN

2
he B =" (1)

By Law of Conservation of Energy
1mvz=ﬁ—E (2
2 AN

Adding (1) & (2), we get

Since, o<1

1
= —>»1
o
mi’]z mvz
= — s —
4 20

2
. ETZE{EJ
al 2

1
= —mv*=aF
) Y
Hence, the correct answer is (A).

74. Photons are exchange particles for electromagnetic
interactions.
Gravitons are exchange particles for gravitational
interactions.
Mesons are exchange particles for nuclear interactions.
Whereas protons are not any sort of exchange particles.
Hence, the correct answer is (C).

75. The maximum K.E. of ejected photoelectron is
(KE )max =hv- ¢(]

If the frequency of photon is doubled, maximum
kinetic energy of photon electron becomes

76.

77.

78.

Hints and Explanations H.13

(KE) max = 2hv — 6,

, _ ¢_o)
(KE) 2(’”“”’ )
= = >2
( KE )max hV - qu
intensity of beam
Photo current = "
v

If intensity and frequency both are doubled, the photo-
current remains same.
Hence, the correct answer is (C).

—
Relativistic relative velocity of approach is given by (a4
G0 kd
b= -
) :
¢’ <
RS 3
)
2
c
= 0= x
B 1+ i
2
= ,=c

Never expect the relative velocity to grow beyond the

speed of light.

Hence, the correct answer is (B).

By Law of Conservation of Momentum, we have
0=mo, +2m(-v,)

= mv, =2mo, (1)

Now, according to de-Broglie relation, we have

h
A=—

P

y
M_Pr_ 1
A op
Hence, the correct answer is (C).

The vector is perpendicular to initial velocity vector at
t=

and at this instant its speed is

gsing

v=1ucotf

Since, 1= L3
mv

= A= I
mucotd

= A =(i]tan9
miu

Hence, the correct answer is (C).
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79.

80.

81.

IA
Fex:_:_
C

where [ =1.4x10° Wm™
= A=dxr’=4x3.14x (2)2m2
= F,=23x10*N

Hence, the correct answer is (A).

Number of photons striking per second are

IA
n=-—
hv

where the area A is the area perpendicular to the
direction of intensity or direction of energy flow.
Consider a ring of radius x and width dx on the disc.

Intensity I on the ring due to sourceis [ = —

Since, dA| =dAcosf, where dA =

= dA, =(2mxdx)cos@

2

2mxdx

A photon will exert force F as shown. Only the
Fcosf component will remain whereas Fsinf will
cancel out as we integrate for the ring, where

_1th
A

F

Since only Fcosé component of force remains, so

dF :(%J(Ecosﬂ)
hv A

(2rdxcos@) I

—cosf

- -:[dF:-IELn(zL;Hz)}X

g

P
Solvi t F=—
olving we ge 200

Hence, the correct answer is (D).
KE=hv+¢

2KE=hv' +¢

= 2(hv+o)=hv'+¢

)

: Asr:x/4R2+x2}

82.

83.

84.

85.

, ¢

= V=2v+-
h

= V>2v
Hence, the correct answer is (C).

A= i where,

As v—-c
Mm— oo

= A-0

Hence, the correct answer is (C).
Ex =hv-¢,

= (Ex),=1-05=05eV

Similarly (Ey),=25-05=2eV
- (EK)1=1

(EK)Z 4
e

vg 4

v, 2

Hence, the correct answer is (C).

21A
Force = —
C

= Fx:(%sz)XC’;

(ﬁ]x =§Kx2
C 2

4( IA )

x==| —

3\ KC

Hence, the correct answer is (D).

he
= kg =7—¢0

(4.14x10™)(3x10°)

E, = -5.01
K 2x1077

= Ey=621-5.01

= Eg=12¢V

So, stopping potential required is 1.2 V
Hence, the correct answer is (A).
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86. For two particles to have same de-Broglie wavelength
mqV = constant
= mpdpV =y, V'
= v=ely
My o

= V’:K

Hence, the correct answer is (D).

87. Under the given condition, energy of photon is made
half the work function of the metal. Hence photo-emis-
sion shall stop altogether.

Hence, the correct answer is (A).

88. Energy of each photon,

p_ e _66x10™ x3x10°
A 300x107
E=66x10"]
Power of source
P=I1A=10x1.0x10" =10~ watt
So, number of photons per sec is
N_P_ W07
tE 66x107"
Number of electrons emitted is
4
NN S
100 6.6x10
= N’'=151x10" per second

Hence, the correct answer is (C).

89. Transverse deflection is

L
—gEx

1, 1(ge)(x) 31
Lt D

2V m )\ v muv

1.5
Equ _lquz

y: =
2‘(%1111)2) 4 Ex

For same electric field E, kinetic energy Ey and length
X, ye=q, q is smaller for proton, so y is smaller for
proton. So proton’s trajectory will be less curved than
a-particle’s trajectory.

=

Hence, the correct answer is (A).
91. E =hv—hy,
Ex=y, v=x, hv, = constant(k)
= y=hx-k (Equation of a straight line)

Hence, the correct answer is (D).

93.

95.

96.

97.

98.

99.

Hints and Explanations H.15

A=
muv

_ 6.626x10°%
(10°)(10°)

= 1=663x10"m

Hence, the correct answer is (A).

EK = hV* hVO

is the equation of a straight line with slope h.
Hence, the correct answer is (D).

Hence, the correct answer is (A).

The time rate of change of momentum equals force.

CHAPTER 1

Force per unit area is pressure
A
p 1ty
A At
But for a photon E = pc, where

p = momentum of photon
E = energy of photon

AE =cAp
p-LAE_L2E) 1,
Ac At ¢\ AAL) ¢

Because irradiance I is defined as energy per unit area
per unit time.
Hence, the correct answer is (C).

lt,z/lp
h he
= —=—
mv E
. r_1
E ¢

Hence, the correct answer is (B).

Since, K., =hv-hv,

he  he
= max — 5 4
A A
11 Koa
o A he

This kinetic energy of ejected electron is converted to
electrostatic potential energy, AU =eEd, as electrons
come to rest while moving in the direction of electric
field. Therefore, K,,,, = eEd
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-1
and AQ:(%_f_d]
C

Hence, the correct answer is (B).
he

100. E=—

101.

102.

103.

A
Number of photons emitted is
Pt
he
a
_ PAt
" he

:nﬂ

1y

ICON

Since the radiation is spherically symmetric, so total
number of photons entering the sensor is n, times
the ratio of aperture area to the area of a sphere of

radius /.

24) 2
NI )i 'Y
4xr he /¢

Hence, the correct answer is (A).
he

— =0y + 3V,

l By +3Vp

he
ﬁ=¢o+vo

Subtracting
2V, = ﬂ
he
T
hc
ey
he  he
PR
= Ay=44
Hence, the correct answer is (C).

= 0

p= % (for a photon)

6.6x1074y
3x10°

= v=15x10" Hz
Hence, the correct answer is (D).

= 33x107%=

Decreasing the A of incident photon means energy
of incident light is increased, so E, increases and

hence stopping potential increases.
Hence, the correct answer is (D).

105.

106.

107.

o he ke

A
414x10P x3%x10%(1 1
EK= 7 -
10 5 6

= Eg=0414eV

Wherever necessary we take 1 =6.626x10™* Js

= h=414x10"" eVs

Hence, the correct answer is (B).

A=t
mo
d_hdny b )23
dt  mdt m
da__h_
it m?
Also v=u+at
= v=at
@ _ h he h
dt matt mat
Also ma=¢eE
dr_ h
dt  eFf
Hence, the correct answer is (A).
A=t
mo

{u=0}

Since electron is the lightest particle of these four. So

A, is maximum.

Hence, the correct answer is (A).

We have
A, =4100 A
2, = 4960 A
Ay = 6200 A
= E-= 1230 _5 ey
410
o £ =20 g5y
4960
12400
Ey=—=2eV<
77 6200 %

Hence only A; and 4, can cause photoemission.
Number of photons of wavelength A; incident on

the sodium surface in 1 sec is
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(T
P [Acosf 144 4 1
a3 310 24x10”
"B B K K
P/3 24x107

Similarly, n, = =
Y 1y E, E,

So, total number of photoelectrons emitted in 1 sec is
n= ﬂl + ﬂz
Photoelectric current is
Ip=(n +ny)e=24x10" 1.1
E b
44

= Ip =2.4><103(1+i] A=— mA=176 mA
3 25 25

Hence, the correct answer is (A).

1

108. IMF

d
when d becomes e [ becomes 161

Hence, the correct answer is (D).

110. kv = hVG + EVO

= eVp=hv-hv,

VD =7V*7VO
e e

which is again equation of a straight line with

slo e(ﬁ]
p )

Hence, the correct answer is (B).

112. 5% of 100Wis 5]s !

= S:E(ﬁ]
t\ A
n 54
= —=—
t he

" 5(5.6x107)
e — =
t 6.626x10*x3x10°

= % =14x10"

Hence, the correct answer is (A).
113. Since AxAp~h

= (2x10™)Ap=6.6x10"*

= Ap=33x10" kgms™

Hence, the correct answer is (B).

114.

115.

116.

Hints and Explanations H.17

Consider a ring of radius x and width dx. Power
incident on the ring

P
dP=—
47r[(nr)2+x2]

(Pxdx)nr

(27mxdx )cos@

arP=

2|:(m‘)2 +3f2]E
No. of photons falling (per unit time) on this area is

adr
he

CHAPTER 1

Momentum imparted due to one photon is
h
AP =2{ — [cos®
A

So, force on the ring dF (in the downward direction)
is

dr

MP(Zh ) 2dPcosf
=——| —cosf |=

he c

j 2Pxdxnr
= F= 3
2 Lp © c
2[(m‘) +x ]2 0
F_Pn2r2|: 1 }_ P
2 | 0¥ (n?+1)] 2c(n?+1)

Hence, the correct answer is (C).

cos Pn’r? j xdx
(

2?42 )

v, =5x10" Hz
Since, ¢ = v,A

_3x10°

5x10™
= A=6000 A
Hence, the correct answer is (B).
Kinetic energy of recoil is
Ec=hv-hv
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117.

118.

119.

120.

121.

122.

= E,=12375-9375
= EK = 3 EV
Hence, the correct answer is (A).

Putting values of h, m, e, we get

= A:ED
%

o - 12.27 i

W

Hence, the correct answer is (A).

Ao _ mpgp _ [mp
;{‘P M,q, m,

Hence, the correct answer is (D).

b

Ax= 2 m
100
Since
AxAp=h
h 66x107™*
= Ap =—=——
Ax  (2/100)

= Ap=33x10" kgms '

Hence, the correct answer is (A).

A=—
2mE

= mE = constant
m, < mp < 1,
= E>E>E
Hence, the correct answer is (A).

Least detectable intensity for the eye is

I=(5x104)(%]

6.63x10* x3x10° ]
5%x1077
= 1=199x10"" Wm™

Thus, eye is more sensitive power detector.
Hence, the correct answer is (B).

= I=(5x10)(

E=—-
i 0
he

2E=—-
A ¢

ICON

{~9.=a}

123.

124,

125.

126.

A A
= E E=E
A A
EA+hec he
= =—
A A

, ( hcA ]
= A=
EA+hc

Hence, the correct answer is (B).

In order for scattering to occur, the wavelength of
the waves must be of the same order of magnitude
or smaller than the size of the object being observed.
Hence the largest possible wavelength we can use

in the present problem is 4, =2.5 A. Hence mini-

mum energy is

Emirl = i
;{‘max
12.4 3
S B - 0x10 VA
25A
= E..=496x10% eV
= Emin = 5 keV

Hence, the correct answer is (A).
mc* = myL

(1)(3x10° )2 = 1 (80 % 4200)
= my=267x10" kg
Hence, the correct answer is (A).

Density of star of mass M, radius R, is
MO

4 3
37

On contracting the new mass becomes

p:

3
M:EJIR{D:MD L3
3 R,

Loss in mass due to contraction =-AM
= Loss=M,-M

= Energy radiated = c*AM

Hence, the correct answer is (D).

e

[ Photons rebound with the same
initial value of momentum}



127.

128.

129.

130.

131.

133.

So, total number of photons striking
reflecting screen is

__F _F
(3

A

= N=5x10%

Hence, the correct answer is (D).

N2m =%

B®o (6.6x10™)

ICON

the totally

= E=

) 1074+ 1 2

= = X
40x1.66 4x1.66
= E=15x107]
Hence, the correct answer is (A).

2uh _
A

1

A
n=—
2h

Hence, the correct answer is (C).

he 1 2
Since, —=—mv" +
A2 ¢

= ¢;=%—%mvz

0=2220 1 6g=141ev
400

Hence, the correct answer is (B).

Both are independent of each other.

Hence, the correct answer is (A).

For a photon
E=pc=hv
e hv
P= c
Hence, the correct answer is (B).

Potential of the sphere at any time is

)=Q0+Qt_V+ NAPet

V(t =
4?TEDR 47T£DR}’!C

Here we have used, Qf = Z—lnet
c

Hence, the correct answer is (B).

2= 2
2mA” 2% 20x1.66x107 x(6.6x107°)

135.

136.

137.

138.

139.

140.

Hints and Explanations H.19

S, =

SR

Sp=—
4

e
2e e

—=—35

[ = v
4mp ZmP 2

S, is maximum, then comes Sp and then S,

Hence, the correct answer is (A).

o

On doubling the distance the intensity becomes one
fourth i.e. only one fourth of photons now strike the
target in comparison to the previous number. Since
photoelectric effect is a one photon-one electron phe-
nomena, so only one-fourth photoelectrons are emit-
ted out of the target hence reducing the current to one
fourth the previous value.

Hence, the correct answer is (D).
The radiation pressure depend on the intensity of
light used and not on its wavelength and frequency.

Also, the radiation pressure depends on the nature of
the surface on which light is falling. Hence (B).

Hence, the correct answer is (B).

Let threshold frequency be v; .
v=15vy,

When the new frequency is halved
Vv =075v; < v

So, no photoelectric effect takes place.

Hence, the correct answer is (D).

Ao Mo ¥

a MpUp

Hence, the correct answer is (D).

1o 1eEF
Y73

2m v

For same (nearly) circular path y is same

E
= = constant
U

CHAPTER 1
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142.

143.

145.

146.

147.

Here E=x

X x’

UZ = (20)2

= x'=4x

Hence, the correct answer is (C).

Given that E=E=i
p E mo
= E=muc
E lmvz ;
= —B=2 =

E muc i

Hence, the correct answer is (B).

Amax = 7500 A
So, E= E
A
(4.14x107° eVs)(3%10° ms™)
= E= 10
7500 107" m
— E=16eV

Hence, the correct answer is (B).

eV, =KE, ., =hv-W
he W
V.= LA [+ W =work function}
ed e

Hence, the correct answer is (B).

h
Change in momentum due to photon = 0

F = rate of change of momentum
= F=n—=ma
A

_ nh
Am

Hence, the correct answer is (B).

E=nhv
= E = ( E)hv
t t
— 10000 = %(6.6 x 107 )(880 x 1000)

= ;:1.7lx103l

Hence, the correct answer is (A).

148.

149.

150.

152.

153.

154.

Maximum microwave frequency = 3x 10" Hz
E hv

Since, p=—=—
c ¢

(6.626><10’34)(3x10“)
(3x10%)

= Pmax =

= Prax =6.626x107" kgms™
Hence, the correct answer is (C).

h 6.62x107

Tmv 91x10° x3x107
= 1=024x10"m

Hence, the correct answer is (C).
(m—my )c* = 2myc*

= m=3m,

Hence, the correct answer is (C).
Stopping potential =1V

= Eg=1eV

= % mo* =1.6x1077 ]

Hence, the correct answer is (C).

The energy of incident photons is given by
hv=eV.+¢,=2+5=7¢eV
(V; is stopping potential and ¢, is work function)

P 107°P
= Saturation current =10~ A = n—e = 0
hv 7xe

e

= P=7W
Hence, the correct answer is (C).

1240

Ej==——=225eV
550

Ey =220y 75 eV
450
1240

Ey=——=354eV
350

E, cannot emit photoelectrons from 4 and r plates.
E, cannot emit photoelectrons from 7 .

Further, work function of p is least and it can emit
photoelectrons from all three wavelengths. Hence
magnitude of its stopping potential and saturation
current both will be maximum.

Hence, the correct answer is (A).
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155. E= %kBT

156.

at T=300K

- E= %(1.38x10‘23 )(300)

£ 1(138x107)(300)ev

2 1.6x107"
= E=0.01eV
Hence, the correct answer is (D).
_ [V
m

Hence, the correct answer is (D).

Multiple Correct Choice Type Questions

1.

hc
—=¢+K
1 ¢0 max

S (1941) ev=29ev
2000

=  hc=(4000)(2.9)=11600 eVA
Now, for =500 nm = 5000 A, we have

11600 =19+K,.,
5000

= 232=19+K,,
= Ky =042V

The longest wavelength which will eject photoelec-
trons is given by

e 100105 A

/‘Lmax ¢D 1‘9

= Aoy 6100 A

Hence, (A) and (C) are correct.
Since P = 1 = 10* N
c

F 1%y

TA AN
= Ap= P AAt =107 kgms™
Hence, (B) and (D) are correct.

The total quantity of charge carried by one pulse of
current is

Q:jMf

11.

Hints and Explanations H.21

which is the area of the triangle in figure. Thus
1
Q={20x107)(80x10°) =8x10

and the number of electrons carried by one pulse is

Then the number of photoelectrons emitted per light
pulse is

we
10°
and hence the number of photons in one light pulse is

5

’

N=21=50
0.1
Hence, (A), (B) and (C) are correct.
According to Heisenberg’s Uncertainty Principle the
product of
(a) uncertainty in position and uncertainty in

h
momentum cannot be greater than o
n

(b) uncertainty in energy and uncertainty in time

h
cannot be greater than .
m

(c) uncertainty in angular position and uncertainty
in angular momentum cannot be greater than
h

im
(d) uncertainty in generalised coordinate and gener-

alised momentum cannot be greater than 41 .
T
Hence, (A), (B), (C) and (D) are correct.

Wavelength of UV radiation is less than 5200 A
whereas wavelength for IR radiation is greater than
5200 A. Hence photoelectric effect will be shown by
UV radiation irrespective of its intensity.

Hence, (A) and (B) are correct.

14. For a photon

pc=hv

CHAPTER 1
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16.

17.

19.

20.

hv
= p=—
c
= p=88x107" kgms™ 2.

= p=165x10"° MeV/c

Hence, (B) and (C) are correct.

c 3x10°

(A) f=—=—r——=5x107"
) f A 600%107

p
B) N=L—
(B) i

1240

C) KE,..=—"-107=1
() max 600

(D) KE_,, depends upon frequency of incident pho-
tons and not distance of source.
Hence, (A), (B) and (C) are correct.

Since, saturation current i is proportional to the num-
ber of photoelectrons ejected per second (1) from
the metal surface. Further, we know that (n) is pro-

portional to hi So, when frequency and intensity
v

(I) both are doubled, then saturation photocurrent
remains almost the same.
Also, we know that

%mvz =eVg=h(v-vy)

When the frequency is doubled, then
h(2v=vy)>h(v-v,)

1
Hence, Emv2 and eV become more than double.

Hence, (A) and (D) are correct.
A‘red > lvio]et

VIBGYOR pattern shows that VIBG all have A less
than that of yellow colour and hence can initiate pho-
toelectric effect irrespective of intensity.

Hence, (B) and (D) are correct.

X
Ko =4x1077 J = ><—=2‘5 eV 25

= Stopping potential =2.5eV

1 1
Since, K, =he| ———
PRI

1240 1240 2.

5o

T30 4

24,

= A;=759 nm
Hence, (A) and (B) are correct.
K,..=15eV

_h
2mK

= A=1nm
E of incident photon = 1241 25eV
496

= ¢=25-15=1¢V

2

Since, quB = LS
r

o pg-Mmv_ 2mK, .

qr qr

5o ¥2x91x107 xex15
exl

3%9.1x107
= B = 7_19
1.6x10
= B=413x10°T=4uT
X-rays are of order of 0.1 nm =124 KeV
Hence, (A) and (C) are correct.

Energy of photon incident

Iy = 12400 v
4000

= hv=31leV

Since, hv <work function of all metals
Hence no electron will come out

If =200 nm
then hv=E=%=6.2eV
A 2000

Since, 6.2 eV > work function of all metals, hence pho-
toelectron will be emitted.
Hence, (B) and (D) are correct.

. More current means more number of photoelectrons,

so better is the photosensitive material. Also, more
stopping potential means less energy is used in work
function.

Hence, (A) and (D) are correct.

Work function is the intercept on K-axis i.e. 2 eV
Hence, the correct answer is (C).
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27. 2=414x10"y
= v=48x10"Hz
Hence, the correct answer is (A).

29. TPhotoelectric effect and Compton effect are explained
on particle nature of light i.e. light is considered to be
made up of a stream of photons.

Hence, (A) and (B) are correct.
Reasoning Based Questions
h
6. A=—,Same for both
P

Hence, the correct answer is (D).

1
8. Kinetic energy; E= Emv2 =qV

= P ,fi because V is constant
m

= 0,1010, = q—P: i, | fa
m, \my \m,

\j? e 2e
Uy = — | — 1 —
m \N2m \dm

J—J——J_ll

Hence, the correct answer is (D).

= 0,10

= U,i0;:0

13. Energy of photoelectron emitted is different because
after absorbing the photon electrons within metals col-
lide with other atom before being ejected out of metal.
Hence, the correct answer is (A).

5
1. 10 eV
2m ¢

Hence, the correct answer is (A).

15. m:L
s
2
= 2my= "o
17
2
J3
v=—oC
2

Hence, the correct answer is (A).
16. K., =hv=¢

KE of emitted photoelectrons varies from zero to K.,
Hence, the correct answer is (D).

Hints and Explanations

H.23

12.27

17. A=—=A

NG

Hence, the correct answer is (D).

Linked Comprehension Type Questions

1

he  he
Since, Ky =——-—
A ‘;l’th
1 he  he
= —MUp,, =———
2 A Ay
1 5 _he he

_m'{"’n‘lax2 N T 4
2 by Ay

Dividing (2) by (1), we get

, he_le
Uy | _ Ay
v he  he
max1 -
A Ay,
r 1
2 1500 4,
= (2) 1 - i
3000 Ay
4 4 1 1
: — e
3000 A, 1500 ym
4 1x2 3
= — [p—
3000 1500%2 Ay,
2 3
= —=—
3000 Ay

= Ay =4500 A

Hence, the correct answer is (C).

I, <P
I, P,
T L A
Ly 51500
20 1x3000
= I, =50 puA

Hence, the correct answer is (A).

For CASE-1, we have

PA
n=—
he

Since, n, = j’

(1)

CHAPTER 1

Efficiency of photoelectron generation per incident

photon is



ICON

H.24 JEE Advanced Physics: Modern Physics

I.xhe
g %100
A

n
= —"><100%]=
: (n exP

_20x10°x6.6x107* x3x10° x 100
1.6x107™ x1x 107 x 3000 x 107

ENTIR -
160 /\ 10 8

Hence, the correct answer is (B).

mUZ

—=quB
;1

= \2mEg =qBr

(4Br)’
o

Hence, the correct answer is (C).
1 1

E3 *EZ =136(2232)

= AE=1.89¢eV

Since, ¢ =E-K,,

= ¢=189-0.86=1.03 eV

Hence, the correct answer is (B).

ke
AE
= A=6565A

Hence, the correct answer is (A).

The total quantity of charge carried by one pulse of
current is

Q:jMf

Since Q is the area under the current time graph, so
the area of the triangle in Figure equals the charge
flowing Q , given by

Q:%xzoxlo'g‘x80x10*:8x10“3 C

and the number of electrons carried by one pulse is

-13
N=Q=Lo_lg=5x106
e 16x10

10.

11.

12.

13.

The number of photoelectrons emitted per light
pulse is
N
n=—=>5
10°
and hence the number of photons N” in one light
pulse is

N
N'=—=50
0.1
Hence, the correct answer is (C).

The probability that all the photons of a light pulse
will go undetected is

90 \
(_] =(09)" =5.15x107 = 0.52%
100

N is the number of photons in one light pulse
Hence, the correct answer is (C).

In each pulse there is a finite probability for a certain
number of photons not being detected. Thus, number
of photons detected will vary from pulse to pulse. So,
the maximum current [ will fluctuate about a mean
value. The greater the number of photons in a pulse,

the smaller will be the fluctuation.
Hence, the correct answer is (A).

1
pR—
Jmq

Hence, the correct answer is (B).

A= 12.27 A

N7

Hence, the correct answer is (A).

Since, 4= h
p

Further, pelectmn = palpha
= Wavelength will be same
Hence, the correct answer is (C).

Energy of photon, E= %

he 12400 _

= =4eV
A 3100

For photo-electric effect, E> ¢,

Since, 4 eV is greater than 2.5 eV and 3.5 eV, so elec-
trons will be emitted from A and B.

Hence, the correct answer is (B).
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14.

15.

16.

17.

18.

The wavelength of light, which can emit electrons
from D will also be able to emit electrons from A, B
and C. So, for D

%:E:w=2255ﬁ
¢ 55

Hence, the correct answer is (D).

h 6.63x107
l = —= —_\3

mo (663x107)(5)
= A1=002m
Hence, the correct answer is (B).
Fringe width f is given by

g 2D _12x002

4 06

= f=04m

Hence, the correct answer is (D).

de-Broglie wavelength of electron is

_ 663x10°7°
9.1x10° x 107
- 1=10"m

AD (12

Fringe width ﬁ:7 [ﬁ]xlozl =10% m

Fringe width is so large that it is not possible to
observe it.
Hence, the correct answer is (D).

The intensity of electromagnetic radiation is

10x10°
102 x10*x 107

_ Energy 3
Axt

1

- =10 Wm™

Also, we know that for an electromagnetic wave, the
intensity I is given by

1:(%5052 )c =10%

where E is the rms value of the electric field.

20 J 2x10%
E= |—=
g V8.85x1072x3x10°

= E=194x10" Vm™!

Peak value of electric field is

Ey=\2E=275x10" Vm 23.

Hence, the correct answer is (A).

19.

20.

21.

22,

Hints and Explanations H.25

Radiation pressure is

_{_ 1020
R e 7 3x108

Hence, the correct answer is (A).

=333%x10" Nm™

As all the absorbed energy is convert into the kinetic
energy of thermal motion of hydrogen atoms, so we
have

KE= %NKBT

where N is the number of hydrogen atoms involved
and Kj is the Boltzmann's constant.
Considering the hydrogen atoms as an ideal gas, we
have,

PV = NK,T

CHAPTER 1

So, the pressure is given by

P=NK3T=2(E]

v 3\v
-1
p=2(KE)(4;rR3]
3 3

Since the radius R of the sphere is related to the area
A of the focal spot, so we have

TR *=A
3
= P=KE[H)2
2n\ A

Since KE=10*], A=107 m? we get
P=28x10" pascal

= P=280x10" pascal
= P =280 Tera Pascal

Hence, the correct answer is (A).

A=L= /@=10A=100nm
2mE V15

Hence, the correct answer is (B).

2
mo

B =—
L r

= B="2_41x10°T
q?‘

Hence, the correct answer is (A).

he 12375
Photon energy = IC = 1960 - Se

Since, V. =15V
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24,

25.

26.

27.

28.

29.

So, work function is given by
$=25-15=1eV

=12‘;’—75=12375 A=1237 nm

= Ay =1250 nm

Hence, the correct answer is (A).

ke
A
1:@:@:4960}\
E 25
= A=5000 A

Hence, the correct answer is (A).

Kinetic energy of the emitted photoelectron is given by
applying Einstein’s photoelectric equation, according
to which

E=¢0+Kmax
= Knn=(25-2)eV=05eV

= Kpp =05V =(05)(1.6x10™ ) joule

= Ko =8x107]

de-Broglie wavelength of photoelectron is given by

bk 6626x107%
Mo (2K \/2(9x10'31)(8x10_20)
= A1=175nm
Hence, the correct answer is (B).
1 10*
20 10 pa
C 3x10

Hence, the correct answer is (B).

Ap=PAA =10"*x10*x10=10" kgms '
Hence, the correct answer is (C).

N

=A
P

107 x663x107 109
6.63x107*
Hence, the correct answer is (B).

Since, K___ =hv-W

If Kmax and W both are in eV, but hv is in joule,

then we have

K @—W

max
€

30.

31

o
So, for both the frequency values, we have
U.S:M—W (1)
e
2= M -W (2

e
Subtracting equation (1) from (2), we get

n(4x10")
e

15=

_15x1.6x107"
T 4xao

= h=6x10""Ts
Hence, the correct answer is (A).

From equation (1), we get

(6x10*)(8x10")
16x107
= 05=3-W
= W=3-05=25eV

Hence, the correct answer is (C).

0.5=

Lo b 17
N
1227 .
A= A=12272 A
o5
= A1=1735A

Hence, the correct answer is (B).

Matrix Match/Column Match Type Questions

1L

A-(p, 1)

B—(p1)

C—(

D—(s)

Consider two equations

EVS = ; Umax = =hv - ¢0 (1)

Number of photoelectron ejected per second (n) is pro-
portional to
I

HME (2)

(A) As frequency is increased keeping intensity con-
stant, stopping potential |V,| will increase, so

kinetic energy %m(v2 ) also increases and

max

saturation current will decrease.
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(B) As frequency is increased and intensity is

max

decreased, |V,| will increase %m(vz ) will

increase and saturation current will decrease.

(C) If work function is increased photo emission may
stop.

(D) Ifintensity is increased and frequency is constant,
saturation current will increase.

A—(p)

B—(r)

C—(s)

D—(q)

de-Broglie wavelength of electron in X-Ray tube

_h_h
© 2mKE  \2meV

_1227x107 1227 4

N A 7

(A) Accelerating potential

V=10 eV in X-ray tube

1.227
A==—-x10"=1227x10" m
10
A=01A
(B) Wavelength associated with X-rays
-7
A= w =124x10"" m
10
A=12x10"m
A=1A
(C) de-Broglie wavelength of most energetic
photoelectron
1.227x107
A=t 20  207 10 =12.2¢107 m
JV
A=10A
he
D) E=—
D) E==
he he 124x107m
= ;l, ==
E ¢V |4
V=25V

E:Exm—” =5000 A
25

Hints and Explanations H.27

Integer/Numerical Answer Type Questions

. N P PA
Since, n=—=—=—
t E hc

(1.7><10*g )(6000><10’m)
(6.626x10’34 )(3 X 108)

= n=

= n=51x10" photons per sec

= n=5x10"
= o=5and f=10
p

= —=2
o
2
The target areais S, = 2(10°) =2x107™ m?.
The area of a 5 metre sphere centred on the light source
is, S, =4r(5)> =100 7m”.

Thus, if the light source radiates uniformly in all direc-
tions the rate P at which energy falls on the target is
given by,

P (107 watt)[%):(lw )( rx10 )

100 x 7
= P=107]s"

Assuming that all power is absorbed, the required
time is,

-19
(_[_5ev (1.6)(10 J]=20hr
1072 Js! lev

Rate of energy received from the sun

Q=2calem™ min =2x4.2

= Q=84Jem™ min™

Energy of a photon received from the sunis

p_ e _66x10% x3x10°

-19
2 eeoxi®  ox0)

If n is the number of photons reaching the earth
per cm’ per minute, then their total energy will be

(3x107™n) joule.

= (3x10)n=84

8.4 18 - 2
n=————=28x10" photons per minute per cm
3%x107Y P P P

= x=28

CHAPTER 1
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4. Mass of an electron is
m=911x10"" kg and T =27+273=300 K

de-Broglie wavelength of electrons is

_h
3mkT

6.63 %107

A=
Bx911x107 x 1,38 x 107 x 300

m

663x10°  6.63x107°
V3x9.11x1.38x3  10.64

= 1=62x10"m
Mean separation between two electrons in a metal is
r=2x10" m

A_62x10°
r 2x107°

5. The maximum kinetic energy of the emitted electron is

2 he 7W0

max =I

_ 6.62x 10 x3x10°
max 180%10~°
= K, =78x10"7]

-19
Y- Ko _ ’2x7.8><1[;1 13010 st
m 9.1x10"

The magnetic field provides the centripetal force to the
electron, so

= -2x1.6x107"

mvz

max
Bevg, =—

r
Moy, 91x107 x1.3x10°
= r= =

Be  5x10°x16x107"

= r=148 mm

=0.148 m

6. F= lrAeffective — {(ERZ)
C C

0

2
(102 )(3.14)( )
0/ _1046x102 N

3x10°

= F=

= F=1x10" N=1pN

7. The Einstein’s photoelectric equation for the first case
can be written as

%:wu(l (1)

When illuminated with light of wavelength 24,

he
—=W+K (2
) 2 )

Subtracting (2) from (1), we get
E - E =K =K,
A 21

e (4x107)(3x10°)

A= =
7 72K oK) 2(30-10)

= A=300x10""m=300 A

If A, is the maximum wavelength of the photons

max

with which photoelectrons can be emitted, then

-15 8
/.L:_C=W0=EK1=(4X1O J(3x10°) 0 v

A 300x1071°
= E=40-30=10eV

he  (4x107™)(3x10°)
= A‘max = =
10 eV 10

= Apa =1200x107% m

= A, =1200A

Since K, =hv-hy,

1 2
- Em(8><10“’) =h(5vy—Vvp) (1)
For the second case, we have
1 5
(8x10°)’
—2=4
v

= 0=4x10°ms™!

Applying Einstein’s photoelectric equation, we get

eVU=hc(%—%] ..(1)
Vo _pfL_L
: _hc(&1 )LO) ..(2)



10.

11.

12.

1 1 1 1
: — S e—

61 6l 34 I

1 1 1 1
: — —— —

X 6k 31 62

S .1
6l 64

= ;=51

= n=>5
I . 2
F =(Area)- here effective Area = 7R
c
I

= F=(:rR2)—
C

2
= F=2Zx(21x102) xx—
7 110" 3x10

(22)(21x1072)(21x1072)
7x110x3x10°

= F=42x10°N

= x=42

h
Since, eV, = . ¢ and
)

Subtracting, we get

E(VZ_VI)=hC(%J
1442

= VZ—V1=E My
e\ 44,

_66x10x3x10° 100

= V,-V
2 1.6x107Y

= Vz _ Vl - g_g X 10734+8+2+19+5

= Vz*V‘l:%sz

Since, eV, =hv-W

= 5eV=hv-2eV
= hv=7¢eV

X
6x107°

ICON

13.

14.

15.

Hints and Explanations H.29

So, total number of photons incident is

P

n=—
hv
Since, n=10"%

107
emitted = 11X ﬁ

= 1'=E=(nemitted]e

= n

t t
where, from the graph
i=10x10° A

-3
o 10x10% = L %107 (1 6x107"
w100

CHAPTER 1

-3 -19
. 10><104’=PX10 x1.€1>9><10
7x1.6x1077 x100

= P=7W

According to Einstein’s Photo-Electric Equation, we
have

Koo =€V, =hv-W
= eV,=12eV-4eV

= eV, =8eV
= V,=8V
( P )( 2)
— J’TR
p=|dza [(0.7)&40.3)[1—”’]
hv c c

I )

= F:(i)(—”g):]xloml\l
169 A\ 3x 10

= x=land y=10

= Y-
X

Magnetic force experienced by a charged particle in a
magnetic field is given by

Since, r= mo
qB
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(]
The de Broglie wavelength is given by
h h o Given, :—“:1 and Jz -2
A= - vr=— p I
mv  qBr qB
A,
o Mt = 3.7t
Ay Gty
ARCHIVE: JEE MAIN
1. 1e— Si.nce, Kmax =E- ¢0
= K =248-2=048¢V
= V,=048V
2 Hence, the correct answer is (A).
i I
P=o Since F,=~(1+7)
1 ¢
h
P2=7" = E[=£(1+O.25)=(1'L)(5£)=2O><104N
2 c 3x10
= pr= Ipt+p3 Hence, the correct answer is (A).
no [ r =l and py=
= —= 2 + 52 A A
AN A x Y
L1 1 Since particles are moving in opposite direction, so
1.1 1 1
A2 )[12 ;Lzz p=p1_p2=h[j___l_)
Hence, the correct answer is (D). o Y ] ]
Also, the collision is perfectly inelastic, so
h
2. Ay=—0- Phinal = Z Pinitial
mv, ;
1 1
Applying Conservation of Linear Momentum, we get e h ( T A_]
My
{3352 i
2 2N\2) 4 = —=11
= Ay= A My
AT mv LA,
A -4
= V,= v T ‘
4 Hence, the correct answer is (A).
h 2h Ay
Ay=r N = prriir Wavelength of incident wave (1) =260 nm
— |V
( 2 ) Cut off (threshold) wavelength (4, )= 380 nm

h 4h

k=m=ﬁ=

Hence, the correct answer is (C).

3. A=5x107 m=5000 A

E= @ =2475eV =248 eV
5000

Aa

Since, K, = he _he
e
S R
260 380
. 12873120 o o

max T 380w 260
Hence, the correct answer is (D).



10.

11.

12.

e
A
Let number of photons per second be n

E

= n(%):ZmW:leUa W

L _2xa _(2x107)(5000x107°)
he  (6.6x10™)(3x10°)

= n=>5x10" photons/sec

Hence, the correct answer is (D).

_E_ I
o ¢
pe (25x25)><§0><60 _5%10°® N
3x10
Hence, the correct answer is (C).
he
=—=hy
0} 1 0

= ¢, =h(4x10" Hz)=1.654 eV
= ¢, =~166eV

Hence, the correct answer is (D).

For n=3
2nr =nld

= 2mr=3xA
l=25r><4.65 A=97A

Hence, the correct answer is (C).

1 > he
—m(20) =—-
2 350 %

1 2 hC
and —mv°* = ——
2 510

he he
= (i) ()=
= 9.12-3.54 =3¢,
= @ =18eV
Hence, the correct answer is (A).

Maximum Angular Frequency is

o =628x10" x3x10° rads™

max

= f..=3x10" Hz

6.6x10 x3x 10"
1.6x107"

=12375 eV =1238 ¢V

Emax = hfmax =

eV

ICON

Hints and Explanations H.31

= KE,, =1238-47=77¢V

Hence, the correct answer is (B).

13. Here A=75x10""2 m

h h .. —_
=™ i, L o= 2, |

hZ
E =
’ 2mA?
2
(6.6x10™*)" ev
2x9.1x10° x(75%10™2) x1.6x 107
-1=£} = E =25keV
At
Hence, the correct answer is (D).
Nhe 1
1 I={—|—-
( A )(At)(AA)
NY) 16x10° x1x107* x4
N ” (per sec)

Since, % =10eV

So total incident photons per second
N _16x107

At~ 10eV

. . 10 ( N

Number of emitted electrons per secis n= 100\ &
= n=998x10"

=998x10"

= n=10"

Maximum kinetic energy =10 eV -5eV =5eV
Hence, the correct answer is (B).

3x10°

oton = ———==05x10" m
Apboton = = o0

15.

A
Since, A, = *11“’“’“ =05%x107 m

03
o I 05%107°
muvo
6.63x107*

(9.1x10)(05x10°)
= 0=145%10° ms™

Hence, the correct answer is (B).

16. Since hv=¢, +¢eV;

he

= =¢,+eV;

=

h
2

CHAPTER 1
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= 1240[11]=6(V1V2) 21.

300 400
= (V,-V,)=10V
Hence, the correct answer is (A).

7. A=t

p - 2mqo

)
A (zqu 20 =200 =14.14

= L=

Hence, the correct answer is (B).

18. According to Einsteins Photoelectric Equation, we
have

Vi
hv = ¢, +e(7ﬂ)
Also, % =¢+eV

3hv
2!

3v
> V=7 23,

Hence, the correct answer is (A).

19. Energy lost by electron is
AE=56-07=49¢V

o My
‘;"min
1237 .
Amin =%~2500 A =250 nm

Hence, the correct answer is (C).

h o+ h -
20. Momentum of two electrons are o and A
1 2

- h o« :
Velocity of centre of mass Vo = ——1+

2mi, 2mitzj
Velocity of first electron about centre of mass is 24,
- b~ h
Vom = ——i -
M 2mi, 2m/12Jr
h 24,7
= o= 21 22
U T
40r 413

Hence, the correct answer is (A).

A h
2% 4m x 4% 2500 22.

(] )

Ay _h_h and 4, = L

Py My, 1My,
As, 4, =14,

h h

= @ —=

M0, Mgl
o o _my _dm 4

Uy m, m, 1

Hence, the correct answer is (D).

As de-Broglie wavelength is given by

A=t
p
Ay _Pe _ Mg
Ac pg MU
Since, v e —
Ag ng _3
Ae ng 1
= Ag=34;
Hence, the correct answer is (B).
In X-ray tube
lmirl = E
eV

h
= log( A )= log(—c] -logV
e
Slope is negative and intercept on y-axis is positive

IOg’lmin

log V
Hence, the correct answer is (A).

vl=(m1_m2)v+0

. m
Since, my; =m and m, =—
2



25.

26.

and v, = 20 +0
= 0 _4U
=
3
_m(%] 2mo
ERE1NEY
‘E;incce/"L:E
p
MPagg
Ay P

Hence, the correct answer is (B).
1
E, =Emv2 =hn-¢
If incident frequency is increased to 3n
E, = %mv’z =h(3n)-¢
1 2
= om= 3(hn-¢)+2¢
= lerm’z =3 x [lmvz J+ 20
2 2

= v'2=3vz+@
m

= > v\/C’:
Hence, the correct answer is (A).

Here, A =660 nm=660x10"" m

28.

F=60ms=60x10"s, P=0.5kW =500 W

h=662x10"*s, n="

Since, P = E = he
t At
PAt
= n=—
he

300 660 x1077 x60x 107
6.62x 107 x3x10°

= n=10%"
Hence, the correct answer is (D).
1 2 he
—my” = ——
7 "

1, 4h

2" =
L Lot g

2 3 3 3

= lmv’zzé(ﬂ—¢0)+¢—0
2 3L A 3

29.

Hints and Explanations

H.33

| =

()
= >y =
3

Hence, the correct answer is (B).

Let the threshold wavelength for sphere be A,.
According to Einstein’s Photoelectric Equation, we

have
eVszﬁ—E
A4
So, eV:E—E
M A
3€V:E—E
2 Ay
eV’:E—E
A

From equations (1) and (2), we get
2he _3he  he

b
he _3he_ e
Ay 24 24,
Substituting in equation (3), we get
e _3he ke
Ay 20 24,
| B A
el Ay 24, 21,

Hence, the correct answer is (D).

According to Einstein’s Photoelectric Equation,

maximum energy of photoelectrons

(KE)max = hv -0,

he
KEmax=__
= (KE) 2 o)

For first case, K = %— &

For second case, 3K = ZThC -

(2

CHAPTER 1
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30.

31

32.

33.

34.

35.

From equations (1) and (2), we get

he 2he
3l —-¢ [=—-
(}t %) PR
3hc 2hc ke
2 - — =
= T
he
ff’o—ﬁ

Hence, the correct answer is (A).

Franck-Hertz Experiment-Discrete energy levels of
atom. Photo-electric experiment - Particle nature of light
Davisson-Germer Experiment - Wave nature of electron.
Hence, the correct answer is (A).

Momentum, p=+2mE and E=eV

So, de-Broglie wavelength of the electron is given by,

G bk h
“p N2mE 2meV
—34

- 1 6.6x10

J2x9.1x102 x 1.6 X107 x50
= A=17x10"m=17A

Hence, the correct answer is (C).

de-Broglie wavelength of electron, A =—
no

Also mor = ﬁ
2

b1
2rr
= A=—
n
Since o< n?
= Ad=n

For n=4, A, =44, ie, the de-Broglie wavelength is
four times that of ground state.

Hence, the correct answer is (B).

When wavelength exceeds a certain wavelength,
photoelectric effect ceases to exist.
Hence, the correct answer is (D).

Davisson-Germer experiment showed that electron
beams can undergo diffraction when passed through
atomic crystals. This shows the wave nature of elec-
trons as waves can exhibit interference and diffraction.
Hence, the correct answer is (B).

The maximum kinetic energy of the electron
Kmax = h\—’ - hVO

Here, v, is threshold frequency.

36.

37.

38.

The stopping potential is eV, = K., = hv—hy,
Therefore, if v isdoubled K., and V; isnotdoubled.
Hence, the correct answer is (D).

Here, power of a source, P=4 kW =4x10° W

Number of photons emitted per second, N =10*

h
Energy of photons, E=hv= IC
= E=£
N
he P
= —=—
A N
Nhe 107 x6.63 %10 * x3x10°
= A=—-= 3
P 4x10

= 1=4972x10" m=49.72 A

This lies in the X-ray region.

Hence, the correct answer is (B).

According to Einstein’s Photoelectric Equation
K =hv—-0,

where, v= frequency of incident light

¢, = Work function of the metal

Since K, =€V,

v %
e e

Vo

Since VX—rays > VUltraviolet

Therefore, both K., and V; increase when ultravio-
let light is replaced by X-rays.

Statement-2 is False.

Hence, the correct answer is (A).

The wavelength of light illuminating the photoelectric

surface is 400 nm.

_ 1240 eVnm _
400 nm

hv 3.1eV

Maximum kinetic energy, K of the electrons is
1.68 eV

Since hv =g, + K
= ¢D = hV_K
= ¢;=31-168eV=142eV

Hence, the correct answer is (B).
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Single Correct Choice Type Problems

1. According to photoelectric effect equation

he
JKEmax I_‘;DO
2 2
p-_he P
F_R - KE=L
2m A % { 2174}
)
A_d] e { _h}
m 4P LY -

Assuming small changes, differentiating both sides,
W 2di,\  he . dA, A
P el ey L rataes 3
om( A3 A di A

Hence, the correct answer is (D).

he
2. Since, eV=—-
ince, ¢ 1 i)

he he he(Zy—7)

= e(Vi-V)=—-—=
T

- h:(f(vlf]/z)l]‘lz
c(lz—ll)

o L6X1x03x04 x10 2 x107"
3x10°x0.1x107°
Hence, the correct answer is (B).

3. Energy corresponding to 248 nm wavelength is

1240
248
Energy corresponding to 310 nm wavelength is 7.
E, = 1249 eV=4eV
310
KE i} _4_5eV-W
KE, u} 1 4eV-W
= 16-4W=5-W 8.
= 11=3W

= W:%:3.67eV;3.7eV

Hence, the correct answer is (A).

i E=28_s05.y

"~ 550

E,= 20 575y
450

_ 34
=64x10 6.

Hints and Explanations H.35

E, =20 354y
350

E, cannot emit photoelectrons from ¢ and r plates.
E, can not emit photoelectrons from r .

Further, work function of p is least and it can emit
photoelectrons from all three wavelengths. Hence
magnitude of its stopping potential and saturation
current both will be maximum.

Hence, the correct answer is (A).

Momentum of striking electrons

P=I

So k Kinetic energy of striking electrons is

CHAPTER 1

This is also, maximum energy of X-ray photons.
hZ
2mA?

Therefore, he =
Ao

B 2mA’c
Tk

Hence, the correct answer is (A).

Ay

As velocity (or momentum) of electron is increased,

h
the wavelength (A = —) will decrease.
P

Hence, fringe width will decrease (o< 1).

Hence, the correct answer is (C).

Saturation current is proportional to intensity while
stopping potential increases with increase in frequency.
Hence, f, = f, while I, <I,

Hence, the correct answer is (A).

_h_
A \2mE
B ke

1
= —1°CE2

A

2
Hence, the correct answer is (B).
By Law of Conservation of Momentum

Momentum Momentum
before decay after decay
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= 0=p+p,

= ="
(-) sign indicates recoil
= |p|=|p.]
b el
A |]U1 ‘
Hence, the correct answer is (C).
10. A(inA)= 2200
E(ineV)

l:@z?ﬂﬂﬂﬁ&:?ﬂﬂm

Hence, the correct answer is (C).

K
11. Stopping Potential V, = —"
e
= V,=4V

Hence, the correct answer is (B).

Multiple Correct Choice Type Problems

1. Maximum KE of electron just after ejection is

h
KI = _C_‘;b
/lp.fi

Maximum KE of electron on reaching anode is

Kf=(;’—c—¢]+ev

ph

= A

h 1
electron — m ( EV) \/V

So, (A) is correct

If ¢ and 4, increase, then K decreases

= Aulctron INCreases

So, (B) is incorrect

‘lelech'on = L = )]'e
m(Ky )
d, , By
dt dt

A, is independent of d

Hence, the correct answer is (A).

ICON

A

he)(1) W
e J\A) e
1 .
Vy versus N graph is in the form y=mx-c

Therefore option (C) is correct.

Clearly, Vj, versus A graph is not a straight line but
Vj, decreases with increasein A and V|, becomes zero

when E =W.
A

ie. A=4, (Threshold wavelength)
Hence, (A) and (C) are correct.

From the relation,

eV:E—qborV:(E](l]—Q
A e \NA) e

This is equation of straight line.

Slope is tan0 = he
e

7= 0002 nm™? = A, =5000A

1 .
—=0004nm™ = 25 =2500 A
03

Violet colour has wavelength 4000 A.

So violet colour can eject photoelectrons from Metal
-1 and Metal -2.

Hence, (A) and (C) are correct.

hv =K.E.(T)+Work function (W)

= hw=T+W
= 425eV=T,+W, (for Metal A)
= 4.70eV =T, +W; (for Metal B)

Since Ty =(T, -15)¢eV

Alsoﬂ,zE
p
2
o o=t {.-p—=T=K.E.}
2mT 2m
A, [T
- M_ T
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1
Since Z’A = EAB

T, = AT,
Tp=T,-1.50 gives

Ty=4T; - 15

T,=05eV

Ty=2eV

W, =225eV

W, =420 eV

Hence, (A), (B) and (C) are correct.

L "

Cut off voltage is independent of intensity and hence
remains the same. Since distance becomes 3 times, so

I
I becomes — . Hence photocurrent also decreases by
this factor i.e. becomes ? =2mA

Hence, (B) and (D) are correct.

Infrared light has wavelength greater than 5200 A
and UV has 1<5200 A. So UV lamp will be able to
get the photoelectrons emitted by a surface irrespec-
tive of intensity.

Hence, (C) and (D) are correct.

Integer/Numerical Answer Type Questions

1.

Light

Mirror
Momentum transferred to the mirror is

2Nh
e
10%*h
4mm

Given that Q=

So, the speed, acquired (V;) by the mirror is given by
applying conservation of linear momentum i.e.,

MV, ===

_2Nh

T M

Since the system is also executing SHM, so
V, = AQ

where A is amplitude of SHM ie. A=1um

0

Hints and Explanations H.37

= 2N =AQ
AM
NI ( 1021 )
= —
AM 4nM
18 -
N N=10 x 8 x10 :1)(]012
4mx2
= x=1
P=200]s"
No. of photons per second
2
(N)= 0 =2x10%

(625x1.6x107°)

Ap =2m(KE) = \2m(eV)

Ap=2x9x10% x1.6x10™ x 500 = 12x 1072

= F=ApxN=12x10%x2x10" =24x10* N

y 19

4 [4

h
lope =—
Slope ;

[t is same for both, so
Ratio =1

he

I*¢=EUO

ne
= 0

0 =
dreyr

- Beyvogzev[ | ey
200 dieyr

9%19” xnx1.6x107"°
1072
1.5x1072 o
H=—a=
9%x1.6x1070

= 62-47=

A (2)(4)
£ = —qa-—ma = |———=2.
= \/qp P \/(1)(1) 2,828

The nearest integer is 3.
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